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A ppendix M a s s  s p e c tr a  h is to g r a m s





F a tty  a c id s  a r e  rep o rted  in  shorthand notation by ind icating  
the num ber of carb on  a to m s  fo llow ed  by a co lon  and a f igure  
denoting the num ber of m u lt ip le  b on ds.  T he nature of u n sa tu ra tion  
(show n by the l e t t e r s  £  and £  in d ica tin g  c i s  o le f in ic  and tra n s  
o le f in ic  groups r e s p e c t iv e ly )  and its  p o s it io n  r e la t iv e  to the 
carb oxy l group i s  g iven  in p a r e n th e s is .
T he sym b ol A in d ic a te s  the p o s it io n  of the double bond, 
counting fro m  the c a r b o x y l-e n d  of the carbon  chain  and n -x  sh ow s  
the loca tion  of the double bond fro m  the m eth y l end, w h e re  x  i s  the  
pos it ion  of the f i r s t  double bond counting from  the m e th y l-e n d  of 
the m o le c u le ,  e . g .  18:2 ( n - 6) i s  the sam e as  18:2 (A 9, 1 2 ) .
Ag"^tlc A rg en ta t io n  thin la y e r  ch rom atograp h y
CMR n u c lea r  m a g n e t ic  r e so n a n ce
CE c y c l ic  e th er
DMCS D im e th y lc h lo r o s i la n e
DMF D im e  thylf o r m a m id e
EC L E q uiva lent ch a in  length
F F u ra n o id .  S y m b o ls  F I ,  F 2 ,  F3. e tc  denote the furanoid
a c id s  c o m m o n ly  o c c u r r in g  in the f i s h  l ip id s
F C E  F r a c t io n a l  ch ain  length
FID F la m e  io n isa t io n  d e te c to r
GC -M S G as c h r o m a to g r a p h y -m a s s  s p e c tr o m e tr y
glc G as liquid  ch ro m a to g ra p h y
HMDS H e x a m e th y ld is i la z a n e
HPLC High p r e s s u r e  liquid  ch rom atograp h y
ir  In frared
LAH L ith iu m  a lu m in ium  hydride
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M o lecu la r  ion  
M other l iqu or
M a ss  sp ec tru m  or M a s s  s p e c tr o m e tr y  
N o n -m e th y le n e - in te r r u p te d  p o lyen e  acid  
N u c le a r  m a g n e t ic  r e so n a n c e  
= T r im e th y l  s i ly lo x y
M ethyl 4 ,  8 , 1 2 - tr im e th y ltr id e c a n o a te  [ 4 , 8 ,  12-T M T D  j
M ethyl 5, 9, 1 3 - tr im e th y lte tr a d e c a n o a te  [5 , 9, 13-T M T D  J
M ethyl 2, 6 , 10, 1 4 - t e tram eth y lp en tad ecan oate  
[2 , 6 , 10, 14 -T M P D  (p r is tan ic )  j
M ethyl 3 , 7 ,  10, 1 5 - te tra m eth y lh ex a d ec a n o a te  
[3 , 7 , 10, 15-TM H D (phytanic) j
D en o tes  a m ix tu r e  of l igh t  p e tro le u m  (bp 4 0 -6 0 ° )  and 
diethy l e th e r .  F o r  ex a m p le  P E  10 d en o te s  10% diethy l  
eth er  in light p e tr o le u m
P ro to n  m a g n et ic  r e so n a n c e  (^H n u c lea r  m a g n e t ic  re so n a n c e )
P o ly u n sa tu ra ted  fatty  ac id
T etrah yd rofu ran
T etrah yd rop yran
Thin  la y e r  ch rom atograp h y
T r im e th y lc h lo r o  s i la n e
T r im e th y l  s i ly l
T r iphenylp hosphine




A BSTRA C T
T he is o la t io n  and s tru c tu ra l  id en t if ica t io n  of the m in o r  
com p on en ts  of cod l i v e r  o il  w a s  undertaken  with p a r t ic u la r  a ttention  
to th o se  of n o v e l  s tr u c tu r e .  A s e r i e s  of p r o c e d u r e s  b ased  on u r e a  
c r y s t a l l i s a t io n ,  arg en ta t io n  ch ro m a to g ra p h y  and p r e p a r a t iv e  glc  
w e r e  d eve lop ed  fo r  th e  is o la t io n  of the unusual a c id s  p r e s e n t  at low  
l e v e l .  With th e se  p r o c e d u r e s ,  p h y to l-b a se d  a c id s  ( i s o p r e n o id s ) ,  
furanoid  a c id s  and a s e r i e s  of m o n o -  and d iun satu rated  b r a n c h e d -c h a in  
fatty  a c id s  w e r e  i s o la t e d .  T h e s e  fatty  a c id s  w e r e  c h a r a c te r is e d  by a 4
com b in a t io n  of m a s s  s p e c tr o m e tr y  and n m r .  In the c a s e  of the  
b ra n ch ed -ch a in  a c id s ,  a GC - MS c a p i l la r y  s y s t e m  w a s  u se d .
P y r r o l id id e  and O -TM S d e r iv a t iv e s  of the a c id s  w e r e  a ls o  studied  
for  the lo c a t io n  of double b on d s.
T h r e e  p h y to l-b a se d  a c id s  w e r e  id en t if ied .  In addition  to 
co n f irm in g  the p r e s e n c e  of n ine furanoid  a c id s ,  n ew  furanoid  a c id s  
w e r e  a ls o  d is c o v e r e d .  The d is c o v e r y  of a b ranched  d iunsaturated  y
acid  i s  s ig n if ic a n t .  The 7 ,  9 -d im e th y lh e x a d e c  - 6 , 8 -d ie n o ic  ac id  i s  
n o v e l  and i s  rep orted  in  th is  study fo r  the f i r s t  t im e .
In addition to t h e s e  a c id s ,  the m a jo r  co m p on en t a c id s  of cod  
l i v e r  o i l  w e r e  i s o la te d  and id en t if ied .  F o r  the is o la t io n  of th e s e ,  
p r o c e d u r e s  such a s  low  te m p e r a tu r e  c r y s t a l l i s a t io n ,  argen ta tion  |
ch rom atograp h y  and p r e p a r a t iv e  glc w e r e  adopted , O z o n o ly s is  
fo llow ed  by red u ction  w ith  tr iphenylpho sphine w a s  u sed  fo r  the  
a n a ly s is  of the p o s it io n a l  i s o m e r s  of m on oen e  a c id s .  F o r  d ien e  
a c id s  o z o n o ly s is  w a s  fo llow ed  by red u ction  with sod iu m  b o ro h y d r id e .
The m e r i t s  and d e m e r i t s  of th e s e  two p r o c e d u r e s  fo r  the  






O x y m e r c u r a t io n -d e m e r c u r a t io n  w as  u sed  fo r  the c h a r a c te r is a t io n  |
ftof som e of the p o lyen e  a c id s .  Only po lyene  a c id s  having A3t, A4 or  :'iIA5 un sa turation  r e a c t  in th is  p r o c e d u r e  to fu rn ish  c y c l ic  e th e r s  . <
w hich can be i s o la te d  and id en t if ied .  The fra g m en ta t io n
" ?
c h a r a c t e r i s t i c s  of th e s e  c y c l ic  e th e r s  a r e  d i s c u s s e d .  4
-y : ''ir-' . . . L-i. L  ' y  • • '^ 1- '■ •' /
■ INTRODUCTION
1. 1 THE ST R U C TU R E AND BIOSYNTHESIS OF F A T T Y  ACIDS 
WITH SPE C IA L  R E F E R E N C E  TO THOSE P R E SE N T  IN 
FISH LIPIDS
1 , 1 A S tru ctu re
a) G e n e ra l  f e a tu r e s  of f i sh  acid  s tr u c tu r e s
T h e h is to r y  of the fatty  ac id  c o m p o s it io n  of f i sh  o i l s  i s  w e l l
1-4docum ented  and e x te n s iv e ly  tr e a te d ,  by m any in v e s t ig a to r s
K n ow ledge of the s tru c tu re  of f i s h  o il  fatty  a c id s  and th e ir
d is tr ib u tion  in m a r in e  l i f e  i s  im p ortan t fo r  the  d ev e lo p m en t  of
f i s h e r y  p ro d u cts  and for  the eva luation  of the n u tr it ion a l
s ig n if ic a n c e  of f i s h  o i l s .
M arine a n im al and f i s h  l ip id s  are  c h a r a c te r i s e d  b y  f lu id ity  at
low  te m p e r a tu r e ,  by a w ide ran ge  of saturated  and un saturated  a c id s
with a high ra tio  of n - 3 / n - 6  a c id s ,  and by the freq u en t p r e s e n c e  of
fatty  a c id s  o f  unusual s tr u c tu r e .  R e fe r r in g  to the c o m p le x i ty  of
5m a r in e  l ip id s ,  A ckm an  d e s c r ib e d  them  a s  "the m o s t  c o m p r e h e n s iv e  
a s s e m b la g e s  of fatty  a c id s  of a l l  chain  le n g th s ,  d e g r e e  of un sa tu ration  
and i s o m e r i c  c o m p o s it io n  w hich  have p r e s e n te d  a daunting p r o b le m  
to the lip id  a n a ly s t" ,
G unstone^, in h is  a s s e s s m e n t  of the g e n e r a l  c h a r a c t e r i s t i c s  of 
fatty  a c id s  f r o m  aquatic  o r ig in  concluded:
(i) T he fatty  a c id s  p r e s e n t  in  f i s h  o i l s  u su a l ly  e x c e e d  tw enty  in  
n u m b er .  T h ey  v a r y  in chain  length  fr o m  C t o  o c c a s io n a l ly  
including C^^ and a c id s  a lon g  with a c id s  of odd chain  len g th .
(ii)  The sa turated  a c id s  (25%) c o n s i s t  m a in ly  of p a lm it ic  acid  
(15-20%) a cco m p a n ied  by s m a l le r  p ro p o r t io n s  of m y r i s t i c  and 
s te a r ic  a c id s .
b) Saturated  fa tty  a c id s
(iii)  M ost  f ish  o i l s  con ta in  s e v e r a l  m on oen e  a c id s  (u su a l ly  35-60% ),
T he m e m b e r s  (m a in ly  A 9 but s o m e t im e s  with A l l )  p re d o m in a te ,1 O C:
fo llow ed  by the C^ ^ ( A 9 ) ,  ( A 9 and A l l )  and ( A l l  and A13)
a c id s .
(iv) Many ^18* ^ 2 0  ^ 2 2  a c id s  a re  p r e s e n t .  T he 4%
i20:5 and 22:6 n -3  a c id s  are  g e n e r a l ly  the m a jo r  co m p o n en ts ,  J
a ccom p an ied  s o m e t im e s  by 22:5 and l e s s  c o m m o n ly  by  20:4 , T he
m a jo r  p o lyen e  a c id s  be long  to the l in o le n ic  s e r i e s  and have the
g en e r a l  form ula:
CH„ . CH„  LCH=CHCH„] L(CH„ ] COOH 3 2*" 2^n 2 -'m
In addition to the g e n e r a l  f e a tu r e s  co m m o n  to f ish  o i l  fa tty  a c id s ,  
the fo llow ing  c h a r a c t e r i s t i c s  h a v e  b een  o b s e r v e d .  F a t s  d er iv ed  fr o m  
f r e s h w a te r  f ish  con ta in  m o r e  and m o n o en e  a c id s  and l e s s  C^q
and p o lyen e  a c id s  than fa t s  fr o m  m a r in e  f i s h .  M arine  a n im a ls  «
(the dophin, p o r p o ise ,  and o th er  s p e c ie s  of D elp h in id ae) are  
c h a r a c te r ise d  by high p ro p o r t io n s  of the unusual i s o v a le r ic  ac id  (C^).
S om e f ish  o i l s ,  such  a s  shark  o i l ,  contain  la r g e  q u an tit ie s  (20-80%) 
of u n sap on if iab le  m a t e r ia l  w hich i s  m a in ly  the te r p e n e ,  squalene, 
and so m e g ly c e r y l  e t h e r s .  S p erm  w hale  o il  c o n s i s t s  m a in ly  of 
e s t e r  w a x e s  d er iv ed  fr o m  lo n g -c h a in  sa tura ted  and m on ou nsa tu ra ted  
a c id s  and a lc o h o ls .
Saturated  fa t ty  a c id s  u s u a l ly  am ount to 25-30%  of w hich  p a lm it ic  |
ac id  (15-20%)^ i s  the m a jo r  com p on en t.  O ther e v e n - c h a in  a c id s  
fr o m  a ls o  be p r e s e n t .  O d d -ch a in  a c id s  -  m a in ly  f
and - freq u en t ly  to ta l 1 - 2 %, but o c c a s io n a l ly  they are  at 
h igh er  l e v e l s  a s  in the m u l le t  w h e r e  they m ak e  up a q u arter  of the L
saturated  a c id s .  The am phipod - P a n to p o re ia  fem o ra ta  - con ta in in g  
50% of od d -c im in  a c id s  i s  probab ly  an im p ortan t s o u r c e  of th e se  
unusual a c id s  in  the food cha in ,
c ) M oiw m  ^ hyi^ ?_
B r a n c h e d -c h a in  a c id s  o ccu r  in f ish  l ip id s  at a v e r y  low  l e v e l .
I s o -  and a n te is o -  a c id s ,  w ith  the additional m e th y l  group on the
p en u lt im ate  and an tep en u lt im ate  carb on  a to m s  r e s p e c t iv e ly ,  a re
w id e ly  d is tr ib u ted  throughout the an im al k in gd om . The ac id
( is o v a le r ic )  fo r  ex a m p le  i s  p r e s e n t  in the ja w -b o n e  o i l  of the L
dolphin and the p o r p o ise  w h i ls t  the  i s o  and a n te is o  and
a c id s  have b een  id en tif ied  in shark l iv e r  o i l .
O le f in ic  i s o -  and a n te is o -  a c id s  w hich o c c u r  in m a r in e  
7d ia to m a ceo u s  o o ze  have  yet  to be fu lly  id en tif ied  in  f ish  l ip id s .
d) F o l y l ^ b r a j n r _5 ç i^ s _
T he p o ly m e th y l-b r a n c h e d  a c id s  p r e s e n t  in  m o s t  f i s h  o i l s  a r e  
d er iv ed  fr o m  the a lc o h o l  p h yto l.  T he m o s t  co m m o n  a c id s  are  
3 , 7 , 1 1 ,  15 - te tr a m e th y lh e x a d e c a n o ic  (phytanic ac id  fo r  w hich  the  
a b b rev ia t ion  P^^ i s  u se d  in th is  re p o r t) ,  2 , 6 , 1 0 , 14- t e t r a m e th y l -  LI
p en tad ecan o ic  p r is ta n ic  a c i d , , a n d  4,  8 , 1 2 - tr im e th y l tr id e c a n o ic  
acid  (P^g ).  T h e s e  a c id s  a re  w id e ly  d is tr ib u ted  -  though at a low  
l e v e l  - and the r a t io s  ^ 1 9 ^ ^ 2 0  b&ve b een  c la im e d  by
A ck m an  and H oop er  to b e  c h a r a c t e r i s t i c  of th e ir  f i s h  s o u r c e .
T he iso p r e n o id  a c id s  o c c u r  w id e ly  and P^g h as  b een  id en t if ied  
in  ox p e r in e p h r ic  fat^, ox  p la s m a  l ip id s^ ,  m ilk  fat^^’^^, l ip id s  of 
v a r io u s  a n i m a l a n d  f i s h  o il  s^^ . I so p ren o id  a c id s  have a l s o  
b een  is o la te d  and id en tif ied  f r o m  l ip id s  of m a r in e  o r g a n i s m s ^ ^  
and in a n c i e n t ^ a n d  r e c e n t  g e o lo g ic a l  s e d im e n ts ^ ^ .
e) F u ran o id  a c id s
U nusual fa tfy  a c id s  con ta in in g  a furan ring s y s t e m  have b een
iso la te d  and id en t if ied  in  f i s h  l i p i d a  seed  o i l  and r e c e n t ly
27fr o m  the rubber la te x  . T he s tr u c tu r e s  of so m e  of t h e s e  a c id s
'  2 8have r e c e n t ly  b een  co n f ir m e d  by sy n th es is"  . A fu l le r  account of
the s t r u c tu r e s  of the furanoid a c id s  and som e new  o n es  i s o la t e d  Ï
and id en tif ied  in  th is  p r o je c t  a r e  g iven  in  sec t io n  2 . 3  .
f) a c id s
M onoene a c id s  p r e s e n t  in f i s h  o i l s  range fr o m  (ev en
num bers)  with the being  the m o s t  im p o rta n t .
T hey  a r e  g e n e r a l ly  p r e s e n t  at a l e v e l  of 30-50% , A s  a lr ea d y  
ihd icated  fa ts  fr o m  fr e s h w a te r  f i s h  contain  m o r e  o f  the 16:1 and 18:1 
a c id s  and l e s s  of the 20: 1  and 22: 1  a c id s  with th is  s ituation  freq u en t ly  
being  r e v e r s e d  in the m a r in e  l ip id s .  M inor am oun ts  of o d d -ch a in  
m on oen e  a c id s  have  a l s o  b e e n  r e p o r te d .  The p o s it io n  of the  
u n satu rated  c e n tr e  in th e s e  a c id s  i s  d i s c u s s e d  in  s e c t io n  2 , 5  .
g) JP o ly  en e^  ap j^_s
T h e  p o lyu n sa tu ra ted  a c id s  (PU FA ) of f i s h  o i l s  in c lu d e  d ie n e s
(1-7% of to ta l a c id s ) ,  t r i e n e s  (1-6% of tota l a c id s ) ,  t e t r a e n e s  (1-8%
of to ta l  a c id s ) ,  p e n ta e n e s  (9-15% of to ta l  a c id s )  and h e x a e n e s  (2-14% ).
T he to ta l con ten t of P U F A  in f i s h  o i l s  v a r i e s  f r o m  s p e c ie s  to s p e c i e s .
F o r  exam p le  the to ta l  P U F A  of a le w ife  f r e s h w a te r  f i s h  i s  28% and
29that of A tlan tic  h e r r in g  about 19%
T he c h a r a c t e r i s t ic  m e th y le n e - in te r r u p te d  double bond p a ttern  4
i s  p r e s e n t  in the m a jo r i ty  of f i s h  o il  P U F A , T h e s e  a c id s  b e lon g
a lm o st  e n t ir e ly  to the n - 6  and n - 3  f a m i l i e s  w ith  the la t te r  g e n e r a l ly  
p red o m in a tin g .  T h e  s tr u c tu r e s  of th e se  a c id s  a r e  ind ica ted  in the
 ^' 1
3?A 6 , 9 , 12, 15, 1 8 ,2 1 )  .
fo llow ing  sec t io n  on b io s y n t h e s i s .  In addition to the co m m o n  C^g,
C^ Q and 0 ^ 2  P U F A , o th e r s  ident i f ied  in m a r in e  s p e c i e s  inc lude  a #
m o r e  highly  un saturated  g ac id  1 8:5 (3,  6, 9, 12,  15), the odd-  
carbon  a c i d s  17:4 (6,  9, 12, 15), 19:4 ( 5 , 8 ,  11, 14) and 21:5  
(6,  9, 12, 15, 18) and the a c i d s  (A9,  12, 15, 18, 21 and
S om e n o n -m e  th y le n e - in te r r u p te d  a c id s  have b een  id en tif ied
r e c e n t ly  in  m a r in e  o r g a n is m s .  Tw o h o m o lo g o u s  s e r i e s  of j
(A5, 11; A5,  13) and (A ? , 13; and A ?,  15) a c i d s  w e r e  ident i f ied
30fr o m  a num ber of m a r in e  s o u r c e s  by P a r a d is  and A ck m a n  , and |
31 32 ^A ckm an  and H oop er  . R e c e n t ly  P e a r c e  and S t i l l  w ay  rep orted
additional n o n -m e th y le n e - in te r r u p te d  d ie n e s  in m an y  o r g a n is m s .
T h e s e  g e n e r a l ly  h ave  a double bond in the A5 or A 7 p o s it io n  and
in c lude  the A 5 ,  11; A 5 ,  13,  A7,  11; and A 7,  13, G^q d i e n e s  and the
A 7 ,  13; A7,  15; A9,  13; A9,  15; and A 7 ,  17 G^^ d i e n e s .
1. IB B i o s y n t h e s i s
F a tty  a c id s  p r e s e n t  in f i s h  l ip id s  m a y  be w h o lly  en dogenous
or w holly  or p a r t ly  e x o g e n o u s .  F i s h  u s u a l ly  have a f a t - r i c h  d ie t  4
so that the amount of w h o lly  en d ogen ou s  m a t e r ia l  m a y  be quite lo w .
33Indeed G ow ey and S argen t h ave  r e c e n t ly  su g g e s te d  that so m e  
s p e c ie s  of f i s h  lo s t  -  or n e v e r  acq u ired  - the a b i l i ty  to fo r m  P U F A  
fr o m  Gj g^ p r e c u r s o r s  a s  th e s e  abound in la r g e  q u a n tit ie s  in  th e ir  d ie t .
The fo llow in g  r e v ie w  of fa tty  acid  b io s y n th e s i s  i s  of a g e n e r a l  
nature c o v e r in g  p la n ts  and a n im a ls  w hether  t h e s e  e x i s t  on land or  
in  w a te r .
a) ^  novo s y n th e s is
4
F i s h ,  l ik e  a ll  o th er  fo r m s  of o r g a n is m s ,  s y n th e s i s e  sa tu ra ted  |
s t r a ig h t - c h a in  a c id s  (even) de novo by the a c e ta te -m a lo n a te  pathw ay.  
M o d if ica t io n s  of the u s u a l  pathway lead in g  to o ther  a c id s  a r e  a ch ie v ed
iby u s in g  a d if fere n t  " pr im er"  ( i s o - , a n te is o -  a c id s )  or  by r e p la c e m e n t
of m a lo n a te  by m eth y l  m a lo n a te  to g ive  m e th y l-b r a n c h e d  a c id s .
T he o v e r a l l  b io sy n th e t ic  p r o c e s s  can  be d ep ic ted  thus: -
CHLCOSACP + THO^CCH^COSACP CO SAC P + 7GO^
(a) (b) (c)
The " pr im er"  m o le c u le  above (a) can  be r e p la ced  by o th er  a c id s  to  
p rod u ce  fa tty  a c id s  of d if fere n t  ch a in  len g th s  and s tr u c tu r e .  The  
m o le c u le  (b) i s  produced  fr o m  a c e ta te  and GO^ but in  (c) a l l  c a rb o n  
a tom s a re  a c e ta te  d e r iv e d .
A lte r n a t iv e  " p r im e r s"  and the resu lta n t  a c id s  a r e  show n b e lo w .
GHgGO^H ------ > s tr a ig h t -c h a in  ev en  a c id s  - m a in ly  ^
GHjGK^GO^H ------>  s tr a ig h t -c h a in  odd a c id s  - m a in ly  G^^
CHjGHGO^H------ ^ even  i s o  a c id s ,  m a in ly  G^ g^
GHg
GHjGH^^HGO^H ^ odd a n te is o  a c id s ,  m a in ly  G^^
CH3
b) Ghain e x te n s io n
G ha in ex ten s io n  o c c u r s  w ith  endogenous and e x o g en o u s  sa turated  
and un saturated  a c id s  to p rod u ce  fa tty  a c id s  of d if fere n t  chain  le n g th s .  
The m a in  product of de novo  s y n th e s i s  (16:0) m a y  u ndergo  ch ain  
e x ten s io n  to g ive  s t e a r ic  ac id  and the p r o c e s s  m a y  be rep ea ted  to 
fu rn ish  fa tty  a c id s  of s t i l l  lo n g e r  c h a in - le n g th .
J
/ ,
’  - \  .  ^c) p ^ sa tu r a U o n
In f i s h  the A 9 - de sa tura  se  i s  the m a in  en z y m e  desaturating  4
saturated  a c y l  groups and lea d in g  to the p roduction  of A 9_c m o n o en e
a c id s .  C h a in -e x te n s io n  m a y  then op erate  to g ive  lo n g e r -c h a in
m on oen e  a c id s .  The d o c o s e n o ic  ac id  (22:1 , n -11) c o m m o n  in
m a r in e  l ip id s  i s  m a in ly  d er iv ed  fr o m  m o n o eth y len ic  fatty  a lc o h o ls
34of w ax e s t e r s  in  m a r in e  c r u s ta c e a n  , The b io c h e m ic a l  c o n v e r s io n
of fa tty  a lc o h o ls  to fa tty  a c id s  i s  r e sp o n s ib le  for  the p e c u l ia r i ty
that 22:1 a c id s  of m a r in e  o r ig in  a re  p red om in an tly  c i s  A l l  ra th er  J
than c i s  A13 ,  It i s  a ls o  p o s s ib l e  that 22:1 (n -11)  cou ld  b e  fo rm ed
fr o m  the de sa tu ration  of 2 0 : 0  to 20 : 1  ( n - 11 ) by a A 9 - d e s a tu r a s e
3 3fo llow ed  by c h a in -e x te n s io n  , The 24:1 (A l5 c )  (n ervon ic  acid) fy
o r ig in a te s  fro m  o le ic  acid  v ia  c h a in -e x te n s io n  of 2 2 : 1  (AT3^) 
e r u c ic  a c id .  T he b io sy n th e t ic  pathway fo r  the p rod u ction  of m a jo r  
m on oen e  s v ia  ch a in  e longation  and de sa turation  i s  shown below:
n -9  s e r ie s :  18:0 ---- ^ 18:1 ( 9 ) -----  ^ 20:1 ( 1 1 ) ----- > 22:1 (13)
n -11  ser ie s:  2 0 : 0  -----  ^ 2 0 : 1  ( 9) ---- ^ 2 2: 1  ( 11 ) |
T h r e e  oth er  de satura  s e s  (A 4, 5 and 6) a r e  in vo lved  in the p rod u ction  4
' iof p o ly en o ic  a c id s ,  g iv in g  both m e th y le n e - in te r r u p te d  ( s e e  s e c t io n  e) j
and n o n -m e th y le n e - in te r r u p te d  i s o m e r s .  T h e A 7 , 13 d iene  acid
probably  r e s u l t s  fr o m  the fo llow in g  sequence:
 ^ 9 -desaturase^  c h a in -e x te n s io n ,  5 - d e s a t u r a s e  ^18:0   ^ 18:1 (9 )    > 2 0 : 1  ( 1 1 ) -------------------- —>
20:2 ( 5 , 11 )  2 2 : 2 ( 7 , 1 3 )
d) P o ly e n e s  re su lt in g  f r o m  plant de sa tu ration
P la n t  d e s a tu r a s e  s y s t e m s  a r e  cap ab le  of b io  s y n th e s i s in g  18:1 (9), 
18:2 (9 , 12) and 18:3 (9 , 12, 15) fr o m  the 18:0 a c id  by  s u c c e s s iv e  
de sa tu ra t io n .  T h e  a n im a l s y s t e m s  can  then produce the n - 9 ,  n - 6 ,
■-! " ■■-------------------------------  — --------------- :--------— — -------   . c -  - , ■ s.-.v - -- . '
8 t
L 'and n - 3 f a m i l i e s  of p o ly en e  a c id s  f r o m  the plant  ^ a c id s  by
cha ir i-e lon gation  and de sa tu ra t io n .  T he re la t io n sh ip  b etw een
the two s y s t e m s  (plant and an im al)  i s  shown b e low  - 
18:0
plant and ^ a n im a l
18:1 (9 ) ------ — — --------> n - 9  p o ly e n e s
plant onlyj^
18:2 (9 , 1 2 )  ^ n - 6  p o ly e n e s
plant
18:3 (9 , 12 , 15 )  n - 3 p o ly e n e s
n - 6  s e r i e s
16 :2 (7 ,10 )  :^nZ± 1 8 :2 (9 ,1 2 )— Z Z ± 20:2(11,14) ;Z Z I ±  22:2(13,16)•i16:3(4,7,10)^ZZ± 1 S : 3 ( 6 , 9 , 1 2 ) ^ = ±  2 0 : 3 ( 8 , 1 1 , 1 4 ) ^ = ±  22:3(10,13,16)
22:4(7,10,13,16)
J»
P r o s ta g la n d in s  22:5(4,7,10,13,16)
Ï,'
a
e) P o ly e n e s  r e s u lt in g  fr o m  an im al de saturation
F i s h ,  in  c o m m o n  with other a n im a ls ,  m od ify  d ie ta r y  fa tty  |
a c id s  to su it  th e ir  own r e q u ir e m e n ts .  N otab ly ,  the f i s h  do not
Ïcon ta in  a d e s a tu r a se  w hich  can  in trod uce  a double bond beyond |
the A 9 p o s it io n  of the m o n o en e  a c id s  obtained by de novo syn th esis»
The abundant n - 6  and n -3  p o ly en e  a c id s  in f i s h  m a y  be  d ie ta r y  in  
o r ig in  or m a y  be d e r iv e d  fr o m  g p r e c u r s o r s  of plant o r ig in .
The m a jo r  p athw ays in  p o ly en e  b io s y n th e s i s  in a n im a ls  ( inc lud ing  
the  f ish ) i s  shown b e lo w .
■ .  . . . . :   —  —  —  —  :  - -- -- -    r -T -T T  — " " " k  A'\ ■: ■i
n -3  s e r i e s
16:3(7,10,13) ; z = ±  18:3(9,12,15) ~ r , ±  20:3(11,14,17) — Z :±  22:3(13,16,19)i
16:4(4,7,10,13) 18:4(6^9,12,15)^=^20:4(8,11,14,17)^=^22:4(10,13,1^19) I1
2 0 :5 (5 ,8 ,1 1 ,1 4 ,1 7 )^  22:5(7,10,13,16,19)/  !
P r o s ta g la n d in s  22:6(4,7,10,13,1^^19) !
i
; . 0  '  ' .................
1 .2  F A T T Y  ACIDS IN COD LIVER OIL
1 , 2 . 1  F a tty  ac id  s tr u c tu r e s
a) S aturated  a c id s
The n -a lk a n o ic  a c id s  of cod  l i v e r  o il  co n st itu te  14-16% of 
17the to ta l a c id s  . T h e se  in c lu d e  the ev en  ac id s:  C^ ^^  ( 0.1% ),  
(3%), ( 9%), C^g (2 %) and C^^ « 0 . 1%) and the C^^-C^^ odd
a c id s  (total 1%).
b) M onpene a c id s
M onoenoic  a c id s  rang ing  f r o m  14:1 to 24:1 m ak e  up 40-60%  
of the  to ta l fa tty  a c id s .  The m a jo r  m e m b e r s  a r e  l i s t e d  below  
but m any  oth er  a c id s  a r e  p r e s e n t  at low  l e v e l s ,  
p a lm ito le ic  ac id  16:1,  A 9 10%
o le ic  ac id  18:1, A 9 16%
gad o le ic  acid  20:1, A l l  10 % 
c e t o le ic  acid  2 2 : 1 , A l l
e r u c ic  ac id  22:1 , A l3
7%
c) P o ly e n e  a c id s
T he p o ly en e  a c id s  in  cod  l i v e r  o i l  tota l so m e  18-30% of the y
com p on en t a c id s .  S om e of th is  va r ia t io n  a r i s e s  f r o m  e x p e r im e n ta l
e r r o r  b e c a u se  of the d iff icu lty  of d e term in in g  a c c u r a te ly
a c id s  of high un sa tura tion  and m o le c u la r  w e ig h ts  by gas  
35ch ro m a to g ra p h y  . T he p o ly en e  a c id s  ran ge  in chain  len g th  f r o m  
to but the m o s t  co m m o n  o n es  a re  th o se  of C^g, and
ch a in  len g th s  b e lon g in g  to the n - 6  and n -3  s e r i e s .  Of t h e s e  20:5  
(5, 8 , 11, 14, 17) and 22:6 ( 4 , 7 ,  10, 13, 16,  19) a r e  u s u a l ly  the m a jo r
c o m p o n e n ts .  S om e of the m o r e  co m m o n  a c id s  of the n -3  and n - 6
I l
s e r i e s  a r e  l i s t e d  b e lo w ,  
n - 6  a c id s
T r iv ia l  n a m e s  Shorthand notation
L in o le ic  acid  18:2 ( 9 , 1 2 ) 
- l in o le n ic  acid  18:3 ( 6 , 9 , 1 2 )  
2 0 : 3 ( 8 , 1 1 , 1 4 )  
A rach id on ic  acid  20:4 ( 5 , 8 , 1 1 , 1 4 )  
22:4 (7 , 10, 13, 16) 
22:5 ( 4 , 7 ,  10,  13,  16)
% c o m p o s it io n  of to ta l  
fatty  a c id s
1 . 8  
0 . 1 
0 . 1  
0 . 3  
0 . 1 
0 .2
T o ta l  = 2 . 6
n -3  a c id s
(%-lin o le n ic  acid  1 8 : 3 ( 9 , 1 2 , 1 5 )
18:4 ( 6 , 9 ,  12, 15)
20:4 ( 8 , 1 1 , 1 4 , 1 7 )
20:5 ( 5 , 8 ,  11,  14,  17) 
22:6 ( 4 , 7 ,  10,  13,  16,  19)
0 . 8 
1 . 5  
0 . 4  
9 . 2  
1 0 . 5  
Total = 24 .  3
n - 3 / n - 6  ra t io  = 9 .3
d) O ^er_anW  s_
In addition  to th e s e  m a jo r  group s of a c id s ,  cod  l i v e r  o il  
con ta in s  so m e m in o r  c o m p o n e n ts .  T h e s e  in c lu d e  a n u m ber of 
i s o  a c id s  (^ 2 4 * ^16*^18^ w hich  m ak e  up 1 . 4 - 1 .  6% and a n te iso  
a c id s  (G^g, C^ ^^ ) w hich  c o m p r i s e ^ O .  3 - 0 .  5%. T he s tr u c tu r e s  of 
th e s e  two groups of a c id s  are  shown o v e r le a f .
l i a '\ : ‘ ■
CfH3
CHgCH(CI^)^COOH i s o  a c id s
9 %
CI^CH^CH(CI^)^COOH a n te iso  a c id s
A ls o  p r e s e n t  a r e  the iso p r e n o id  a c id s  ( s e e  s e c t io n  2 . 2 ,  p age  34) i
and s e v e r a l  furanoid a c id s  ( s e e  s e c t io n  2 . 3 ,  p age  5 0 .)
1 , 2 . 2  U s e  of cod l i v e r  o il
T he cod , Gadus m orhua, and the herring, C lupea h a ren g u s , a r e  
am on g the g r e a te s t  w eigh t of f i s h  landed in  the w o r ld .  The annual 
p rod uction  of f i sh  o i l s  h o w e v e r  f lu c tu a te s  b e c a u s e  of the vary in g  
ca tch  of f i s h .  E u rop ean  p rodu ction  of f i s h  l i v e r  o i l s  i s  on the  
d ec lin e  but the m ajo r  part of the p roduction  i s  cod l iv e r  and 
halibut l iv e r  o i l s .
Cod l i v e r  o il  w as  p rod u ced  and sold m a in ly  for  i t s  content of  
the fa t - s o lu b le  v i ta m in s  A and D . V e te r in a r y  cod  l iv e r  o il  h as  
a lm o s t  b een  rep la ced  by syn thetic  v ita m in  p r o d u c ts .  O i ls  such
ia s  cod l iv e r  o il  a r e ,  h o w e v e r ,  now a ttracting  n ew  in te r e s t  on !
accou nt of th e ir  content of p o lyu n satu rated  fatty  a c id s  b e l ie v e d  
to be im p ortan t in hum an n u tr it ion .  In th is  co n tex t ,  it  i s  u t i l i s e d  f
a s  a s o u rce  of e s s e n t ia l  fa tty  a c id s .  E s s e n t ia l  fa tty  a c id s  a re  
th o se  a c id s  req u ired  for  the m a in ten a n ce  of n o r m a l  h ea lth y  grow th ,  
rep rod u ction , and skin  p e r m e a b i l i ty .  T h ey  a r e  c h a r a c te r i s e d  
by long ch a in s  with c i s  double bonds in  m e th y le n e  in terru p ted  
a r r a n g e m e n t  with the f i r s t  double bond in p o s it io n  6 fr o m  the f
m eth y l  end of the m o le c u le  (the l in o le ic  acid  fa m ily ) .  Of the  
th r e e  d ifferent f a m i l i e s  of p o ly en e  a c id s ,  the ar-linolenic acid
I
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a n d /o r  p o lyu n sa tu ra ted  a c id s  of the n -3  fa m ily  a r e  e s s e n t ia l
_  36 '2fatty  a c id s  in  f is h  ,
Cod l iv e r  o il  m a in ta in s  d e r m a l  in teg r ity  and i t s  e s s e n t ia l  
fa tty  acid  content e n s u r e s  the p ro p e r  u t i l i sa t io n  of saturated  fa t .
T he h igh ly  u n sa tu ra ted  a c id s  p lay  a m ajo r  r o le  in the lo w e r in g  
of c h o le s t e r o l  l e v e l s ,  p ro v id e  e n e r g y ,  and fo r m  an in teg ra l  part  
of b io m e m b r a n e s .  T h ey  a r e  a su b stra te  for  the p rod u ction  of 
h o r m o n e - l ik e  s u b s ta n c e s ,  notab ly  the p ro s ta g la n d in s .
Cod l iv e r  o il  i s  u se d  in an im al f e e d s ,  m a in ly  a s  f ish  m e a l s ,  
b e c a u s e  of i t s  g ro w th -p r o m o tin g  e f f e c t s ,  and a s  a cheap  so u r c e  
of e n e r g y .  It i s  am ong the m a r in e  o i l s  u sed  fo r  in d u str ia l  
p u r p o se s  such a s  p r o te c t iv e  c o a t in g s  and for the m an u facture  
of fa tty  a c id s .  The p rod u ction  of m a r g a r in e s  fr o m  the hydrogenated  
o il  i s  an im portan t in d u str ia l  a s p e c t  of the f is h  o il  in d u stry .
In B r ita in  today, f i s h  body o i l  production  i s  of l i t t le  im p o rta n ce  
w hile  f ish  l iv e r  o il  in d u stry  h as  dwindled, but i s  s t i l l  a c t iv e .  v|
S ign if ican t  am ou n ts  of cod l iv e r  o il  a re  p roduced  on ly  at Hull (4 5%), 
G r im sb y  (35%), F le e tw o o d  ( 8%) and A b erd een  (12%), The tren d  5
i s  to w a rd s  s t i l l  lo w er  p rodu ction  a ffected  a d v e r s e ly  by the rec en t  




1 .2  FA T T Y  ACIDS IN COD LIVER OIL
1 . 2 . 1  F a tty  acid  s t r u c tu r e s
a) Saturated  a c id s
T he n -a lk a n o ic  a c id s  of cod  l iv e r  o i l  co n st itu te  14-16% of 
17the to ta l a c id s  . .T hese  in c lud e  the even  ac ids:  C ( 0.1% ),
(3%), (9%), C jg (2 %) and « 0 . 1%) and the odd
a c id s  (tota l ^  1%).
b) M onoene a c id s
M onoenoic  a c id s  ranging f r o m  14:1 to 24:1 m ak e  up 40-60%  %
of the tota l fa tty  a c id s .  The m a jo r  m e m b e r s  a r e  l i s t e d  b e low  À
but m any oth er  a c id s  a r e  p r e s e n t  at low  l e v e l s ,  
p a lm ito le ic  acid  16:1, A 9 10%
o le ic  ac id  18:1, A 9 16%
gad o le ic  acid  20:1, A l l  10%
c e to le ic  ac id  22:1 , A l l
er u c ic  ac id  2 2 : 1 , A13
7%
c) F o lyen e__^ ^ s_
T he p o ly en e  a c id s  in  cod  l i v e r  o i l  tota l so m e  18-30% of the
com p on en t a c id s .  S om e of th is  va r ia t io n  a r i s e s  f r o m  e x p e r im e n ta l
e r r o r  b e c a u s e  of the d iff icu lty  of d e term in in g  a c c u r a te ly
a c id s  of high un sa tura tion  and m o le c u la r  w e ig h ts  by gas  
35ch ro m a to g ra p h y  . T h e p o ly en e  a c id s  range  in ch a in  length  fr o m
C. , to C_ . but the m o s t  c o m m o n  o n es  a r e  th o se  of C, _ andJ. o Z'l l o  60 da
ch a in  len g th s  b elong in g  to the n - 6  and n -3  s e r i e s .  Of th e s e  20:5  
(5 , 8 , 11, 14, 17) and 22:6 ( 4 , 7 ,  10, 13, 16, 19) a r e  u s u a l ly  the m a jo r
co m p o n e n ts .  S om e of the m o r e  co m m o n  a c id s  of the n -3  and n - 6




s e r i e s  a r e  l i s t e d  b e lo w .  
n - 6  a c id s
T r iv ia l  n a m e s  Shorthand notation
L in o le ic  acid  18:2 (9 ,1 2 )  
- l in o le n ic  acid  18:3 ( 6 ,9 , 1 2 )
20:3 ( 8 ,1 1 ,1 4 )  
A rach id on ic  acid  2 0 : 4 ( 5 , 8 , 1 1 , 1 4 )  
22:4 (7 ,  10, 13, 16) 
22:5 ( 4 , 7 , 1 0 ,  13, 16)
I \
% c o m p o s it io n  of to ta l  
fa tty  a c id s
1 . 8  
0 . 1 
0 . 1 
0. 3 
0 . 1 
0 . 2
T o ta l  = 2 . 6
n -3  a c id s
O'-linolenic acid  18: 3 (9 ,  12, 15)
18:4 ( 6 , 9 ,  12, 15)
20:4 ( 8 ,1 1 ,  14, 17)
20:5 (5 , 8 , 11, 14, 17) 
22:6 ( 4 , 7 ,  10, 13, 16, 19)
0 . 8 
1 .5  
0 .4  
9 .2
10. 5 
Total = 24 , 3
n - 3 / n - 6  ra t io  = 9 .3
d) O ther a c id s
In add ition  to th e s e  m a jo r  group s of a c id s ,  cod  l iv e r  o il  
co n ta in s  so m e  m in o r  c o m p o n e n ts .  T h e s e  in c lu d e  a n um ber of  
i s o  a c id s  ' ^16* ^1 8  ^ w h ich  m a k e  up 1 . 4 - 1 .  6% and a n te iso  
a c id s  w hich  c o m p r is e  *^0. 3 - 0 .  5%. T he s tr u c tu r e s  of
th e s e  two grou ps of a c id s  are  shown o v e r le a f .
 —T----- 7" “ . TT-   « ■> " ' ’Y'- •-. ■ •„ =- r - - " ' - '
ÇH3
CHgCH(CI^) COOH i s o  a c id s
ÇH3i
1 , 2 ,  2 U s e  of cod  l i v e r  o il
rep rod u ction , and skin p e r m e a b i l i ty .  T h ey  a r e  c h a r a c t e r i s e d  
by long ch a in s  with c i s  double bonds in m e th y le n e  in terru p ted  
a r r a n g e m e n t  with the f i r s t  double bond in  p o s it io n  6 fr o m  the  
m eth y l  end of the m o le c u le  (the l in o le ic  acid  fa m ily ) .  Of the  
th ree  d ifferent f a m i l i e s  of p o ly en e  a c id s ,  the or-linolenic ac id
Ct^CH^CH(CI^)^GOOH a n te iso  a c id s  %
A ls o  p r e s e n t  a r e  the iso p r e n o id  a c id s  ( s e e  s e c t io n  2 . 2 ,  page 34) 
and s e v e r a l  furanoid a c id s  ( s e e  s e c t io n  2 , 3 ,  page  5 0 .)
The cod , Gadus m orhua, and the herring , C lu pea  harengus, a r e  |
am on g the g r e a te s t  w eigh t of f is h  landed in  the w o r ld .  The annual 
production  of f i s h  o i l s  h o w e v e r  f lu c tu a te s  b e c a u s e  of the va ry in g  
ca tch  of f i s h .  E u rop ean  p rod u ction  of f i s h  l i v e r  o i l s  i s  on the  
d ec lin e  but the m a jo r  part of the prod uction  i s  cod  l iv e r  and 
halibut l iv e r  o i l s .
Cod l i v e r  o il  w a s  prod uced  and sold  m a in ly  for  i t s  content of  
the fa t - s o lu b le  v i ta m in s  A and D . V e te r in a r y  cod l i v e r  o il  h a s  
a lm o s t  b een  rep la ced  by syn thetic  v ita m in  p r o d u c ts .  O i ls  such  
a s  cod l iv e r  o il a r e ,  h o w e v e r ,  now attract in g  n ew  in t e r e s t  on I
account of th e ir  content of po lyu n satu rated  fatty  a c id s  b e l ie v e d  
to be im p ortan t in hum an n u tr it ion . In th is  co n tex t ,  it  i s  u t i l i s e d  |
a s  a s o u rce  of e s s e n t ia l  fatty  a c id s .  E s s e n t ia l  fa tty  a c id s  are  
th o se  a c id s  req u ired  for  the m a in ten a n ce  of n o r m a l  h ea lth y  grow th , |
'  'J
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a n d /o r  p o lyu n sa tu ra ted  a c id s  of the n -3  fa m ily  a re  e s s e n t ia l  %
fatty  a c id s  in  f ish ^ ^ .
Cod l i v e r  o il  m a in ta in s  d e r m a l  in teg r ity  and i t s  e s s e n t ia l  |
fa tty  ac id  content e n s u r e s  the p ro p er  u t i l i sa t io n  of saturated  fa t .  i}
T he h ig h ly  un satu rated  a c id s  p lay  a m ajo r  ro le  in the lo w e r in g  ;ï
of c h o le s t e r o l  l e v e l s ,  p ro v id e  e n e r g y ,  and fo r m  an in teg ra l part  
of b io m e m b r a n e s .  T h ey  a r e  a su b stra te  for  the p rod u ction  of 
h o r m o n e - l ik e  s u b s ta n c e s ,  notab ly  the p r o s ta g la n d in s .
Cod l iv e r  o il  i s  u se d  in an im a l f e e d s ,  m a in ly  a s  f is h  m e a l s ,  4
b e c a u s e  of i t s  g ro w th -p r o m o t in g  e f f e c t s ,  and a s  a ch eap  so u r c e  
of e n e r g y .  It i s  am ong the m a r in e  o i l s  u se d  fo r  in d u str ia l  
p u r p o se s  such a s  p r o te c t iv e  c o a t in g s  and for  the m an u facture  
of fa tty  a c id s .  The p rod u ction  of m a r g a r in e s  fro m  the h yd rogen ated  
o il  i s  an im p ortan t in d u str ia l  a sp e c t  of the f i s h  o il  in d u stry .
In B r ita in  today, f i s h  body o i l  production  i s  of l i t t le  im p o rta n ce  
w hile  f ish  l iv e r  o i l  in d u stry  h a s  dw indled, but i s  s t i l l  a c t iv e .
S ign ificant am ou n ts  of cod l i v e r  o il  a re  prod uced  only  at Hull (4 5%), 
G r im sb y  (35%), F le e tw o o d  ( 8%) and A b e rd een  (12%). The tren d  
i s  tow ard s  s t i l l  lo w er  p rod u ction  a ffec ted  a d v e r s e ly  by the recen t  
E uropean  E co n o m ic  C om m u n ity  (EEC) p o l ic y  on the f ish in g  in d u str y .
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1 .3  THE SEPA RA TIO N  AND ISOLATION OF INDIVIDUAL 4
FA T T Y  ACIDS
1 . 3 . 1  In troduction  
F a tty  acid  m ix tu r e s  d er iv ed  fr o m  f ish  o i l s  d iffer  fro m  th o se  ^
obtained fr o m  o th er  s o u r c e s  in  being  m o r e  c o m p le x .  ' T he a c id s  
d iffer  in  ch a in - le n g th ,  d e g r e e  of un sa tu ra tion , and double bond 
p o s it io n .  The is o la t io n  of an ind iv idual com p onen t i s  thus m o r e  
d iff icu lt ,
1 . 3 . 2  D is t i l la t io n
F r a c t io n a l  d is t i l la t io n  at low p r e s s u r e  p e r m it s  sep a ra t io n  
m a in ly  on the b a s i s  o f  c h a in - le n g th .  M ethyl e s t e r s  a re  p r e fe r r e d  
to fatty  a c id s  fo r  d is t i l la t io n  b e c a u s e  th ey  have lo w e r  b o ilin g  p o in ts .
U nder the co n d it io n s  n o r m a lly  em p lo y ed , p o lyu n sa tu ra ted  fatty  a c id s ,  
( e s p e c ia l ly  th o se  with th r e e  or  m o r e  double bonds) m a y  undergo  
double bond m ig r a t io n ,  s tér é o m u ta t io n ,  and c y c l i s a t io n .  T hese  4*
p r o b le m s  a r e  red u ced  in 'm o le c u la r  d is t i l la t io n ’, but sep a ra t io n  i s  
then l e s s  e f f ic ie n t .  s
1 , 3 . 3  L o w - tem p e  ra tu re  c r y s t a l l i s a t io n
C r y s ta l l i s a t io n  of a c id s ,  u su a l ly  f r o m  a ceto n e  so lu tion , at
te m p e r a tu r e s  b e tw een  0 °  and - 7 0 °  i s  a u se fu l  w ay of c o n cen tra t in g
saturated  m onoene, and the v a r io u s  ty p es  of p o ly en e  a c id s .
S ep ara tion  i s  not c o m p le te  but u s e fu l  fra c t io n a t io n s  can  be a ch ie v ed
and the m ethod ca n  be applied  on a w ide  ran ge  o f  s c a l e .  The
p ro ced u re  i s  a lso  a v ery  m ild  one w hich can  be sa fe ly  applied  to
the la b ile  p o lyen o ic  a c id s .  T he p r o c e d u r e  h a s  b een  rev iew ed  by 
37 — 3 9s e v e r a l  w o r k e r s  “ .
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1 . 3 . 4  F o r m a t io n  of u r e a  In c lu s ion  com pounds  
The finding by B en g en  that u rea  fo r m s  w e l l -d e f in e d  c r y s ta l l in e
in c lu s io n  com pounds w ith  s t r a ig h t -c h a in  co m p o u n d s ,  but not w ith  
b ra n ch ed -ch a in  or c y c l i c  co m p o u n d s ,  h a s  been  exp lo ited  in the  
i s o la t io n  of ind iv idual fa tty  a c id s  fr o m  natura l m ix t u r e s .  U rea  
fo r m s  in c lu s io n  com p ou n d s (adducts  or c o m p le x e s )  with fatty  a c id s  
or e s t e r s  in w hich  the s tr a ig h t -c h a in  a c id s  a r e  h eld  by seco n d a ry
v a le n c e  f o r c e s  and by h yd rogen  bonds. 1
4U r e a  fo rm a t io n  h as  b een  u se d  in  the study of f i s h  fa tty  a c id s
•Hor e s t e r s  in two w a y s .  U s in g  a high p ro p o rt io n  of u r e a  to a c id ,  
a lm o s t  a ll  the s tr a ig h t -c h a in  a c id s  fo r m  an adduct le a v in g  c y c l ic  
and b ra n c h e d -c h a in  a c id s  in the m o th er  l iq u or  a long with so m e  of 
the m o s t  h igh ly  u n satu rated  p o ly en e  a c id s .
With lo w er  p ro p o r t io n s  of u rea  to ac id , the n a tu ra l m ix tu r e s  
can be sep ara ted  into fr a c t io n s  in w hich sa turated  a c id s ,  m on oen e  
a c id s ,  and the s e v e r a l  c l a s s e s  of p o ly en e  a c id s  can be sep a ra ted  
and co n c e n tr a te d .  T he ap p lica t ion  of u rea  in c lu s io n  com p ou n ds in  
the fra c t io n a t io n  of c o m p le x  fa tty  ac id  m ix tu r e s  h a s  b een  reviewed^^*^^, f
1 . 3 . 5  A d sorp tion  c h ro m a to g ra p h y  
In a d sorp tion  ch ro m a to g ra p h y  so lu te  m o le c u l e s  c o m p e te  and
a r e  a ttracted  to the a c t iv e  s i t e s  of the a d so r b e n ts  by th e ir  p o la r i ty .
F a tty  a c id s  with h yd roxy l su b st itu en ts  can  un dergo  h yd rogen  bond  
form a tio n  with the a d s o r b e n ts .  C o n v e r s e ly ,  e x p o sed  h yd roxy l  
groups of the a d so r b e n ts  can  fo r m  hydrogen  bonds with fatty  ac id  
m o le c u le s ,  e s p e c ia l ly  if  s i l i c i c  ac id  i s  u sed  a s  a d so rb en t.
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a) C olum n ch ro m a to g ra p h y
S ep ara tion  of sa turated  or un saturated  a c i d s / e s t e r s  fr o m  Ir
com pounds w ith  add ition al p o lar  groups (hydroxy or  epoxy) i s  g
r e a d i ly  a c c o m p lish e d  by c o lu m n  ch rom atograp h y  on s i l i c a .  The
m o r e  d iff icu lt  s e p a r a t io n  of a c i d s / e s t e r s  depending on the
num ber of double bonds r e s u l t s  in  c o n cen tra t io n  rath er  than
iso la t io n  of pure co m p o u n d s .  S ep aration  by un saturation  i s  m o r e
e f fe c t iv e  on s i lv e r  co lu m n  ch ro m a to g ra p h y . T h e  top ic h a s  b een
43e s t e n s iv e ly  rev iew ed  by M o r r is
b) T h in  la y e r  ch rom atograp h y-(t ic )
In th in  la y e r  ch ro m a to g ra p h y  a v e r y  f ine  grade s i l i c a  g e l  
(u su a lly  s i l i c a  ge l G) i s  app lied  to  the p la te ,  so that even  la y e r s  
of a p r e -d e te r m in e d  th ic k n e s s  a r e  obta ined .
In the handling of h igh ly  un satu rated  com p ou n ds c a r e  m u st  be 
taken  to m in im is e  autox idation  by op era tin g  in a n itro g en  
a tm o sp h er e  a n d /o r  by  addition  of a n tiox id an ts .  A fte r  d ev e lo p m en t ,  i
the sep a ra ted  co m p o n en ts  a r e  m ade v is ib le  by d e s tr u c t iv e  (eg ,  
phosp hom olybd ic  acid) or  n o n -d e s tr u c t iv e  (eg .  2 ', 7 ' -d ic h lo r o -  
f lu o re  see  in) s p r a y s .
T he u se  of s a lt s  w hich  in te r a c t  w ith the com poun ds b e in g  
s ep a ra ted , such a s  s i l v e r  n itr a te  or sod iu m  b o r a te ,  i s  a va lu ab le  
ex te n s io n  to a d so rp tio n  ch ro m a to g ra p h y . F r a c t io n a t io n  on t ic  
i s  sh a rp er  than on c o lu m n s  b e c a u s e  the in c r e a s e d  ca p a c ity  p er  
unit w eight of a d so rb en t and b e c a u s e  the la r g e r  ra t io  of ad sorb en t  
to sa m p le  s iz e  p e r m it s  e x c e l le n t  s ep a ra t io n .
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c) Hi^h p r e s s u r e  liquid  ch rom atograph y  (H PL C l
HPLG at a p r e s s u r e  up to 500 p s i ,  c o m b in e s  h igh  sp eed ,  
high e f f ic ie n c y ,  and high s e n s i t iv i ty .  T he ap p lica tion  of HPLC  
to fatty  acid  a n a ly s i s  h a s  b een  s low  due p r in c ip a l ly  to the p r o b le m s  
of the d e tec to r  s y s t e m s .  Of a ll  the d e te c to r s  (uv, heat of 
ab sorp tion ,  r e fr a c t iv e  in d ex ,  f lu o r e s c e n c e ,  f la m e  io n isa t io n ,  and 
polarography) r e fr a c t iv e  index d e te c to r s  are  m o r e  w id e ly  app lied  
than o th e r s ,  though they a r e  d if f icu lt  to u s e  with grad ien t  e lu t io n .
Uv d e te c to r s  a r e  v e r y  s e n s i t iv e  but fatty  a c id s  do not a b so rb  uv  
light at the w a v e len g th  (254 nm) m o s t ly  u sed  in  HPLC in s tr u m e n ts ,  
D e r iv a t i s a t io n  of fa tty  a c id s  into uv s e n s i t iv e  com p ou nds i s ,  
h o w e v e r ,  p o s s i b l e .
A n a ly s i s  of f r e e  fatty  a c id s  by HPLC u s in g  a fa tty  acid  
a n a ly s i s - c o lu m n  and a d if fe r e n t ia l  r e f r a c to m e te r  d e te c to r  h a s  
r e c e n t ly  b een  d ev e lo p e d  by W a ters  A s s o c i a t e s .  A u n iv e r s a l  
d e te c to r  b ased  on h ydrogen  f la m e  i s  now a v a i la b le .  I t s  p o ten tia l
44in  the a n a ly s is  of fatty  a c id s ,  includ ing P U P A , h as  b een  d em o n str a ted  , 
N o n -v o la t i le  and o r  la b i le  com p ou n ds can  be handled without  
d estru c t io n ,  a fea t  im p o s s ib le  w ith  the glc for  e x a m p le .  T he  
e f f ic ie n c y  in  HPLC ('*^5000 p late  s /m )  i s  g r e a te r  than that of g lc  
(vv 2000 p la t e s /m )  and r e s u l t s  obtained by HPLC a r e  a s  a c c u r a te  
.^s th o se  of g lc .  In fu ture HPLC w il l  co m p ete  w ith  g lc .
1 . 3 . 6  P a r t i t io n  ch ro m a to g ra p h y
The sep ara tion  of co m p o n en ts  by p e r c o la t in g  a so lu tion  through  
a liquid  p h a se  i s  t e r m e d  p artit ion  c h ro m a to g ra p h y .  S ep ara tion  i s  
b ased  on d i f f e r e n c e s  in the p a rt it io n  c o e f f ic ie n t  of v a r io u s  so lu te s  
b etw een  two im m is c ib le  l iq u id s .
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a) R e v e r s e d - p h a s e  ch ro m a to g ra p h y
In th is  s y s t e m  of ch rom atograp h y , lo n g -c h a in  m e th y l  e s t e r s  
a r e  sep ara ted  a c c o r d in g  to both ch a in - le n g th  and d e g r e e  of 
un sa tu ra tion . The s ta t io n a ry  p h a se  i s  u s u a l ly  n o n -p o la r  w h ile  
the m ov in g  p h a se  i s  a p o la r  s o lv e n t .  Re v e r s e d - p h a s e  
ch ro m a to g ra p h y  i s  u se d  for  sep a ra t io n  of l ip id s  s in c e  th e s e  a r e  
reta in ed  m o r e  s tro n g ly  by the n o n -p o la r  s ta t io n a ry  p h a s e .  The  
techn ique h as  b een  applied  in both the co lum n  and t ic  s y s t e m s .
C om pounds that fo rm  'c r i t ic a l  p a ir s '  in r e v e r s e d -p h a s e  s y s t e m  
can  u s u a l ly  be sep ara ted  u s in g  o th er  m e th o d s .
b) GasJ[,i3 ,q i (^ q h ^ m a to g r ^ h y _ ( 2 r e p a ^ ^ iv e _ g l  |
T he high sep a ra t in g  p o w e r  of  g lc  on an a n a ly t ic a l  s c a le  h a s  
been  exp lo ited  at a p r e p a r a t iv e  l e v e l  fo r  the i s o la t io n  of pu re  fa tty  
a c id s .  U s in g  p r e p a r a t iv e  g lc ,  s u b m il l ig r a m  and m i l l ig r a m  q u an tit ie s  
can  be obtained on a n a ly t ic a l  s iz e  co lu m n s  w h ile  g ra m  q u an tit ie s  
of m a te r ia l  can be obtained on la r g e r  c o lu m n s .
T he c o m m o n e s t  la b o ra to ry  p r o c e d u r e  fo r  a s m a l l - s c a l e  
p r e p a r a t iv e  glc i s  to over lo a d  an a n a ly t ic a l  co lu m n  with s e v e r a l  *4
m i l l ig r a m s  of sa m p le  and to c o l l e c t  ind iv idual f r a c t io n s  through a 
sam p le  c o l le c t in g  s y s t e m  at the c o lu m n  o u t le t .  T o  be u sed  on a 
s m a ll  p r ep a ra t iv e  s c a le  the in s tr u m e n t  m u st  have the fo llo w in g  
fe a tu r e s .
(i) A n e f f ic ien t  f la s h  h e a te r  for  in stan t v o la t i l i s a t io n  of m a t e r ia l  
and subsequent en try  into the co lu m n  a s  a n a rro w  band.
(ii) A s tr e a m  s p l i t te r  at the end of the co lu m n , so that on ly  a 
sm a ll  f r a c t io n  p a s s e s  through the d e tec to r  and the r e m a in d e r  i s  
a v a ila b le  for  c o l le c t io n .
; 7 - .- ‘ V .
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(ii i)  T he ou tlet  f r o m  the s t r e a m  sp lit ter  to  a c o l le c t in g  s y s t e m  
should be heated  to  p r e v e n t  co n d en sa tio n  of n o n -v o la t i le  com pou nds  
which would lead  to  co n ta m in a t io n .
T h e r e  rem a in  c e r ta in  d i f f ic u l t ie s .  M ethyl e s t e r s  i s s u in g  f r o m  
the co lu m n s  fo r m  a e r o s o l s  that a r e  not e a s i ly  condensed and 
l o s s e s  m a y  be h igh . T h e r e  i s  a l s o  a p o s s ib i l i t y  that m eth y l  e s t e r s  
of P U F A  m a y  be a l te r e d  during p rep a ra t iv e  g lc ,  e s p e c ia l ly  at high  
t e m p e r a tu r e s .  T h e r e  a re  r e p o r ts  that e s t e r s  such a s  20:5 and 22:6  
undergo  i s o m é r i s a t io n  during p r e p a r a t iv e  g lc .  T h is  fa c t  i s  
re lev a n t  to the study of f i s h  o i l s  w hich  freq u en tly  con ta in  high  




1 .4  STRUCTURAL IDENTIFICATION OF NATU R AL FA T T Y  ACIDS
In the e lu c id a t io n  of s tru c tu re  o f  fatty a c id s ,  c h e m ic a l  and 
p h y s ic a l  p r o c e d u r e s  are  u sed ,  though p r e s e n t ly  the la t te r  i s  m o r e I
w id e ly  u se d , '  P h y s ic a l  m e th o d s ,  such a s  m a s s  s p e c tr o m e tr y  and 4
4n m r a re  now in d is p e n s ib le  to o ls  of a n a ly s is  though c h e m ic a l  m eth o d s  q
1such  a s  h y d ro g en a t io n  and o z o n o ly s is  a r e  s t i l l  popular and w id e ly  u s e d ,  
One m a jo r  p r o b le m  in fa tty  acid  structural id en t if ica t io n ,  i s  that 
no one m ethod (p h y s ica l  or c h e m ic a l)  i s  cap ab le  of in d ica tin g  the :|
cha in  - length  of an ac id ,  the extent of un sa tu ra tion , the r e la t iv e  |
p o s it io n s  of the double b on ds, c i s  and tra n s  i s o m e r s ,  and the p r e s e n c e  
and nature of functiona l groups inc lud ing  type and extent of b ran ch in g .
I
1 . 4 . 1  H yd rogenation
H ydrogenation , in conjun ction  with the  g lc  id en t if ica t io n  of 
p erh yd ro  com poun ds on p o la r  and n o n -p o la r  c o lu m n s ,  i s  v e r y  u se fu l  
in the a s s ig n m e n t  of un identif ied  p e a k s .  T he changed  c h ro m a to g ra p h ic  
behaviour  a fter  hyd rogen ation  m a y  g ive  a c lu e  to the type of acid  
o r ig in a l ly  p r e s e n t .  H ydrogenation  d o es  not h o w ev er  a ffect  n - s a tu r a te d  f 
fa tty  a c id s ,  sa turated  b r a n c h e d -c h a in  or  c y c l ic  a c id s ,  nor d o e s  it  
a ffec t  sa turated  hydroxy  a c id s .
:l
1 . 4 . 2  D oub le-b ond  p o s i t io n s  by ox idative  c le a v a g e
a) P e r io d a te -p e r m a n g a n a te
A t the c o n cen tra t io n  of p o ta s s iu m  p erm an gan ate  and sod iu m  
m e ta p er io d a te  u sed  (in a m o la r  ra t io  of 1:39), p o ta s s iu m  p erm an gan ate  
i s  qu ick ly  r e g e n e r a te d  fr o m  m an gan ate .  The f i r s t  s tage  of o x id a tion  
of un saturated  acid  by p erm an gan ate  i s  the p roduction  of a 1 , 2 -d io l  
(pH 8 ? 9) and or-ketol (pH 7 - 8 ) .  T he end p ro d u cts  a r e  m o n o -  and
%
\  % N+ --C=c +0 , — > { ' 4  — > poo  + o=c
(ii) (3 — C \o le f in  ozone '  \  / '^ C r ie g e e  a ld eh yd e  or
Qj z w it te r io n  k eton e
In it ia l
product
\+  0-0
(a) O zonides: ^ O O  + 0 = C ^    > ^
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d ica r b o x y l ic  a c id s  fr o m  m o n o e n e s  a long  w ith  m a lo n ic  ac id  fr o m  
m e th y le n e - in te r r u p te d  p o ly e n e s .  The m ethod i s  g e n e r a l ly  su ited  
and ap p licab le  to m o n o e n e s ;  it  i s  l e s s  s a t is fa c to r y  w ith  p o ly e n e s ,
b)
T he rea c t io n  of ozon e  with double bonds and c le a v a g e  of the  
r e su lt in g  p rod u cts  fo llo w ed  by th e ir  a n a ly s is  and id en t if ica t io n  i s  
the m o s t  w id e ly  em p lo y ed  m ethod of double bond lo c a t io n .  O zone  
attack s  u n satu rated  fa tty  a c id s  rap id ly  and q u a n tita t iv e ly .  The  
m e c h a n is m  and fo rm a tio n  of o z o n id e s  h a s  r e c e n t ly  b een  r e v iew ed
by C r ieg ee^ ^  and P ryd e^ ^ ,
i
Ozone r e a c t s  w ith double bonds to g ive  an u n stab le  p r im a r y
"jproduct w hich qu ick ly  t r a n s fo r m s  through an in te r m e d ia te  into  a 
C r ie g e e  zw it ter io n  and ah a ldehyde or k e to n e .  T h e  zw it ter io n  
then r e a c t s  w ith  a p ro tic  so lv en t  if  p r e s e n t  to fo r m  a lkoxy  or  
a cy l  ox y h y d r o p e r o x id e ,  or  r e a c t s  with a ldehyde or k eton e  to g iv e  
an ozon ide  a n d /o r  p o ly m e r ic  o z o n id e s .  A lte r n a t iv e ly ,  the  
zw itter io n  can  fo r m  a p o ly m e r ic  p ero x id e  or undergo  a r e a r r a n g e m e n t  
p r o c e s s  a s  shown b e lo w :-
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(b) D im e r  P e r o x id e s : 2 ^ 0 0 >
V(c) P o ly m e r ic  P ero x id es :  n COO ■èOO-
n
(d) A lk oxy  h y d ro p ero x id es :  ^ O O  + ROH XOOHOR
(e) A cy lo x y  h y d ro p ero x id es :  ^COO + RGOOH XOOHOCOR
I + _ I(f) R ea rra n g em en t:  -C -C O O  )  -<jl» c-o-c=o
With p a r t ic ip a t in g  s o lv e n ts  (w a ter ,  a lc o h o ls ,  o rg a n ic  a c id s
e t c . )  h y d r o p e r o x id e s  p r e d o m in a te ,  but with n o n -p a r t ic ip a t in g
so lv e n ts  (paraffin , CHCl^, CCI^, a ce to n e  e t c . ) ,  the p r in c ip a l
product i s  the m o n o m er ic  o zo n id e .
T he m ain  fa c t o r s  w hich  a ffec t  and co n tro l  the fo rm a tio n  of
o zo n id es  in c lud e the nature of rea c t in g  o le f in ,  the te m p e r a tu r e
of o z o n isa t io n ,  the Solvent* and the technique of o z o n isa t io n
e m p lo y ed .  P e r h a p s  so lv en t  e f fe c t  i s  the m o s t  im p ortan t fa c to r
w hich  d e te r m in e s  and c o n tr o ls  o z o n o ly s i s .  E x a m p le s  o f  u s e  of
d ifferen t  solvents abound in  the l i t e r a tu r e  and r e c e n t  r e p o r ts
in d icate  that o z o n isa t io n  of 1 , 2 - d isu b st itu ted  e th y le n e s  in an
a lc o h o l  m ed iu m  in the p r e s e n c e  of anhydrous HCl r e s u l t s  in the
47'fo rm a tio n  of e s t e r  fr a g m e n ts
R ed u ctive  c le a v a g e  of o z o n o ly s i s  p ro d u cts  i s  the p r e fe r r e d  
m ethod  o f  c l e a v a g e .  R ed u ction  of o z o n id es  y ie ld in g  a ldehyde and
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a ld e h y d o - e s t e r s  h as  s u c c e s s f u l ly  b een  c a r r ie d  out u s in g  a num ber
of r e a g e n ts ,  T 'r iphenylphosphine (T P P ) h as  b een  r e c o m m e n d ed
by s e v e r a l  w o rk ers^ ^  T h e reduction  of o z o n id es  to a lc o h o ls
and a lc o h o l esters with sod iu m  borohydride (NaBH^ a s  d eveloped  
" 53by Sousa e^ad^ , i s  a l s o  u sed  for  the double bond lo c a t io n  of  
54dien e  fatty  a c id s
1 . 4 , 3  D oub le-bond  p o s it io n  and co n fig u ra tio n  by s p e c tr o s c o p ic  
p r o c e d u r e s %
a) U lt r a -v io le t  l ^ e c t r o  sc op y (uv) IiUv s p e c tr o s c o p y  w a s  one of the e a r l ie s t  p h y s ic a l  tech n iq u es  to  
be applied  to the id en t if ica t io n  and c h a r a c te r is a t io n  of P U F A , It 4ii s  p a r t ic u la r ly  u se fu l  fo r  the d e te c t io n  of conjugated  p o ly e n e s  w hich  ^
ab sorb  uv light at sp e c if ic  w a v e le n g th s .  A lk a li  tr e a tm e n t  of  
p o ly e n e s  having double bonds sep ara ted  by a s in g le  m e th y le n e  
group g iv e s  conjugated  u n satu ration; su bsequ en t a n a ly s i s  of the |Ir esu lt in g  m ix tu r e s  by uv s p e c tr o s c o p y  w il l  in d ica te  the p r e s e n c e  #
■k
of con ju gation . T he uv s p e c tr o s c o p ic  m ethod h a s  b een  a c l a s s i c a l  4
technique fo r  the d e te c t io n  of m e th y le n e - in te r r u p te d  s y s t e m s .  i:
H o w ev er ,  s in ce  the advent of g lc  app lica tion  of a lk a lin e  i s o m é r i s a t i o n   ^
and uv s p e c tr o s c o p y  for  the id en t if ica t io n  of po lyu n sa tu ra ted  fa tty  ■%
a c id s  i s  m a in ly  q u a lita t iv e .  |
b) I n fr a -r e d  sp e c tr o s c o p y  (ir)
In fatty, ac id  structural e luc id ation  ir  s p e c tr o s c o p y  i s  p a r t ic u la r ly  
u se fu l for  the d e tec t io n  of t r a n s  double b o n d s .  T he ap p lica t ion  of ir  






c ) N \ ^ ^ U c _ r e g o n a n c e j [  nm r}
N m r s p e c tr o s c o p y  i s  a p ow erfu l too l for the s tru c tu ra l j
Ie lu c id a tion  of fatty  a c id s  and th e ir  d e r iv a t iv e s .  T h is  fo llow ed  4
valuable  i s  the a n a ly s is  of the t r im e th y l s i ly l  (TMS) d e r iv a t iv e s  
fo llow in g  c o m p le te  h yd ro x y la t io n  of the double b o n d s ^ \  A
be d e term in ed  with a c c u r a c y .  T h is  tech n iqu e f i r s t  u sed  by 
A n d e r ss o n  e ^ ^  fo r  m on oen e  a c id s  and la te r  extended  for  
p o lyen es^ ^ , h a s  b een  r e c e n t ly  rev iew ed^ ^ .
m ark ed  im p r o v e m e n t  in  the u s e  of proton  m a g n et ic  r e so n a n c e  (PMR)
1 ^and C carb on  m a g n et ic  r e so n a n c e  ( CMR) fo r  the 4
c h a r a c te r is a t io n  of fatty  a c id s .  T he in trod u ction  of su p e r -co n d u ct in g  
m a g n e ts ,  F o u r ie r  tran sform ation ,,  cou p led  with p u lse  tech n iq u es  
and u s e  of c h e m ic a l  sh ift  r e a g e n ts  h a s  fu r th er  im p ro v ed  the J
tech n iq u e .  The su bject  of n m r and i t s  ap p lica t ion  to lip id  a n a ly s i s  :é
h as b een  rev iew ed  by s e v e r a l  w o rk ers^ ^
d) M a s s  s p e c tr o m e tr y  (MS)
(i) D ouble-bond  d e r iv a t iv e s
T he c h e m ic a l  m o d if ic a t io n  of the u n sa tu ra ted  c e n t r e s  of fa tty  
a c id s  and a n a ly s is  of the r e su lta n t  d e r iv a t iv e s  by m a s s  s p e c tr o m e tr y  
has b een  applied  to the lo c a t io n  of double bonds of v a r io u s  a c id s  by  
gas  c h r o m a to g r a p h y -m a ss  s p e c tr o m e tr y  (G C -M S). P a r t ic u la r ly :
62 I
m ic r o p r o c e d u r e  for  double bond lo c a t io n  in  p o ly en e  a c id s  through  
o x y m e r c u r a t io n  and G C -M S h as  a ls o  b een  d eve lop ed
(ii) P y r r o l id id e s
P y r r o l id id e s  of p o ly en e  a c id s ,  un like the m e th y l  e s t e r s ,  g ive  
d ifferen t  sp e c tr a  fo r  i s o m e r ic  a c id s .  C on seq u en tly  both the  
p o s it io n  of double bonds and m eth y l  b ranch ing  in th e  fatty  a c id s  ca n
■ A '. '" . '» " . ' - - ■' ■___ — ;_____ - V .   L _  .1 .  . . . .  . .  . i t jS S
''r





2 .1  STRAIGHT -CHAIN SATUR ATED  FA T T Y  ACIDS
2 . 1 . 1  In troduction
The o c c u r r e n c e  and d is tr ib u tion  of fatty  a c id s  of f ish  o i l s  has
b een  in v e s t ig a te d  by s e v e r a l  w ork ers^ ^  T h e r e s u l t s  show
that the c o m p o s it io n  of the fatty  a c id s  of f i sh  o i l s  a r e  co n tr o l le d  by
en v iron m en ta l f a c to r s ,  e s p e c ia l ly  the nature of the diet^^ and
by the w ater  t e m p e r a tu r e .
It h a s  b een  shown^^ that as  the te m p e r a tu r e  of the w a ter
fa l l s ,  th ere  i s  an in c r e a s e  in the p rop ortion  of C^^ and C^^ fatty  a c id s  #
co m p a red  to the C^^ and C^g a c id s  and an in c r e a s e  in  the d e g r e e  of f
un sa tu ra tion .  T h is  r e p r e s e n t s  an attem pt by the f i s h  to m ain ta in
c e l l  l ip id s  in a fluid s ta te  at redu ced  te m p e r a tu r e .  In addition , f is h  5
have con tro l m e c h a n is m s  w hich  d e te r m in e  the d e g r e e  of u n sa tu ra tion  . |
of fa tty  a c id s  when the t e m p e r a tu r e  of the w ater  c h a n g e s .  T e m p e r a tu r e  f
var ia tion  a ls o  a f fe c ts  the fatty  acid c o m p o s it io n  of the d ie ta ry  l ip id s .
H ence the fatty  ac id  c o m p o s it io n  of cu ltured  h e r r in g  " r e f le c t s  the
d ie ta ry  fatty  ac id  pattern , except  fo r  the C . and C, sa turated  andId 1 o
m on oen o ic  fatty  a c id s ,  w h e r e  so m e  in te r c o n v e r s io n  or  p r e fe r e n t ia l  |
7 8oxidation  s e e m s  to have o cc u r r e d " .  .
The saturated  fatty  a c id s  in  f ish  co n st itu te  about 25% of the to ta l  
a c id s .  T he m a jo r  ac id  -  p a lm it ic  (15-20%) - i s  a cco m p a n ied  by  
m y r is t i c  and s t e a r ic  a c id s ^ .  T h e p red o m in a n ce  of p a lm it ic  acid  
am ong the sa turated  f i s h  a c id s  m a y  be exp la ined  by the fo llo w in g  
f a c to r s .  (a) P a lm it ic  acid  i s  d er iv ed  fr o m  d ie t s  lo w e r  down the  
food ch a in  w hich  have th is  ac id  a s  the m ajo r  sa turated  fatty a c id .  
A ckm an  et a l ,  in a c o m p a r a t iv e  study of fa tty  a c id s  of d if fere n t  
grou ps of phytoplankton^^ and of som e m a r in e  s ea w eed s^ ^ ,  pointed
1
..... ■ % -  rV  ,n-, '  'A '" ' - - - ' '
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to the dom in ance  of p a lm it ic  ac id  am o n g st  o ther sa turated  a c id s .
(b) The p r e s e n c e  of a s ig n if ica n t  amount of p a lm it ic  acid  in f i s h
m a y  a r i s e  f r o m  de novo s y n th e s i s .  P a lm it ic  ac id  i s  the m a in
81end-p rod uct  of fa tty  ac id  sy n th e ta se  in both m a m m a ls  and f is h  
and fatty  a c id s  of chain  len g th s  lo n g e r  than a re  su b seq u en tly   ^ V:
s y n th e s ise d  by fu r th er  s t e p w ise  addition of tw o -c a r b o n  u n it s .
T he ch a in  length  of the s t r a ig h t -c h a in  sa turated  fa tty  a c id s
of f is h  range fr o m  to T h e m a jo r  a c id s  a r e  the
and the _ a c id s  and the m in o r  a c id s  inc lu d e  the C, , odd carbon1 o i J c L
Thus o le ic  acid  i s  d er iv ed  fr o m  p a lm it ic  acid  by e longation  and SI
82A 9 d esa tu r a t io n  . 4
I
m e m b e r s  and so m e ev en  carb on  chain  a c id s  ^ 20* ^2 2 *^ ^
co m p le te  and s a t i s fa c to r y  e s t im a te  of a l l  th e se  a c id s  in a o n e - s t e p  j
a n a ly s is  i s  not p r a c t ic a b le .  A p ro b lem  in  su p e r im p o s it io n  by  
unsatu rated  a c id s  and b r a n c h e d -c h a in  com p oun ds, e s p e c ia l ly  on  
p o lar  co lu m n s  would be e x p e r ie n c e d  with g lc .  M o r e o v e r ,  a ^
c o m p le te  and s a t is fa c to r y  i s o la t io n  of the s tr a ig h t -c h a in  a c id s  f r o m  
b ra n ch ed -ch a in  o n es  has a lw a y s  b een  a daunting ta sk  for  lipid  
a n a ly s t s .
S e v e r a l  is o la t io n  p r o c e d u r e s  have been  ap plied  to th is  p r o b le m .
L ow  te m p e r a tu r e  c r y s ta l l i s a t io n  h as  b een  u sed  for the cru d e
41sep a ra t io n  of sa turated  and un saturated  a c id s  . A ck m an  and S ip os
have u se d  s i lv e r  n i t r a t e - s i l i c i c  acid  ch ro m a to g ra p h y  for  the i s o la t io n
of sa turated  a c id s  fr o m  f i s h  o i ls^ ^ .  P e r h a p s  the m o s t  w id e ly
u sed  sep a ra tio n  tech n iqu e fo r . th e  i s o la t io n  of sa tu ra ted  fro m
84b ra n ch ed -ch a in  a c id s  i s  u rea  fra c t io n a t io n .  C a so n  et a l  
sep arated  b ra n c h e d -c h a in  fr o m  n -fa t ty  a c id s  on co lu m n s  of
26 A
u r e a :c e l i t e  (5:1 w /w ) e luting  the co lu m n  w ith  m eth an o l saturated  ?!
with u r e a .  The p r e fe r r e d  m ethod  of i s o la t io n  of s t r a ig h t -c h a in  |■I
a c id s  i s  c r y s t a l l i s a t io n  f r o m  a su itab le  so lven t  in the p r e s e n c e  |
of u r e a .  B y th is  m e a n s  h ig h er  s tr a ig h t-c h a in  fa tty  a c id s  (C^g and |
above) a re  co n v en ie n t ly  sep a ra ted  a s  u rea  ad d u cts .  S h o rter  cha in
jlength  n -fa tty  a c id s  do not h o w ev er  fo r m  u rea  adducts so c o m p le te ly  
and a r e  m o r e  d if f icu lt  to i s o la t e  by th is  tech n iq u e .  C o u n ter cu rren t  |
d is tr ib u tion  u s in g  a c e to n it r i le -h e x a n e  i s  an other  good technique and I
h a s  proved  u se fu l  in in d u stry  fo r  the i s o la t io n  and en r ich m e n t  of
n -fa tty  a c id s .  T he p o ten tia l of the co u n te r c u r r e n t  d is tr ib u t io n
* 85p r o c e d u r e  h as  been  outlined  by Dutton .
S ep ara tion  of n -sa tu r a te d  fa tty  a c id s  fr o m  p o lyu n sa tu ra ted
m e m b e r s  h a s  a l s o  b een  a ch iev ed  u s in g  both r e v e r s e d -p h a s e  t
chrom atography^^  and high p r e s s u r e  r e v e r s e d -p h a s e  liquid
89 fch ro m a to g ra p h y . î ^ e i e t ^  u sed  a c h e m ic a l ly  bonded r e v e r s e  I
ph ase  packing (VYDAC r e v e r  s e d -p h a s e  co lum n) to sep a ra te  fa tty
a c id s  a cco r d in g  to ch a in  len gth  and d e g r e e  of u n sa tu ra tion
2 , 1 , 2  I so la t io n  of n -sa tu r a te d  e s t e r s
IIn th is  study u r e a  tr e a tm e n t  w a s  u sed  for  the i s o la t io n  of the  s tr a ig h t -c h a in  fatty  a c id s .  F r e e  fatty  a c id s  w e r e  u sed  in  p r e fe r e n c e  
to th e ir  m eth y l  e s t e r s  b e c a u s e  u r e a  binds p o ly en o ic  e s t e r s  e a s ie r  
than the a c id s  and b e c a u s e  d is s o lu t io n  of m eth y l  e s t e r s  in m o s t  I
so lv e n ts  em p loyed  fo r  u rea  fra c t io n a to n  ( e . g .  m ethanol)  is  
s o m e t im e s  in c o m p le te .  F r e e  fa tty  a c id s  (50 g) and u rea  (50 g) 
w e r e  heated  in m eth an o l until so lu tion  w as c o m p le te .  T he so lu tion  
w as c o o led  at ro o m  te m p e r a tu r e  and kept at 0 °  o v ern ig h t .  T he
2 , 1 . 3  S tru ctu ra l id en t if ica t io n
Id en tif ica t io n  of the i s o la te d  com p on en ts  of the s tr a ig h t-c h a in  
saturated  fatty  a c id s  w a s  a ls o  undertaken  u s in g  a com b in a t io n  of 
m a s s  s p e c tr o m e tr y  and glc ( s e e  p a g es  30 and 32).
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■ ■ '  .  .  ' 1 d eta iled  p r o c e d u r e  i s  g iven  in  the e x p e r im e n ta l  s e c t io n  (page 127),
The g lc  a n a ly s i s  of the to ta l  fa tty  a c id s ,  the m o th e r  l iq u o r ,  and
the ad duct (a ll a s  m e th y l  e s t e r s )  i s  p r e se n te d  in  T ab le  1 (page 28).  §,
Saturated  fa tty  a c id s  (16% in the tota l e s t e r ) ,  co n cen tra ted
in adduct 1 (37%),, w e r e  a cco m p a n ied  by m o n o en e  acid's (62%), A
second  tr e a tm e n t  of the adduct with u rea  gave adduct 2 w ith 61% of
saturated  a c id s  and 36% of m o n o en e  a c id s  ( s e e  S c h e m e  1). T h is  ?f
second adduct w a s  then co n v er te d  to m eth y l e s t e r s  and sep ara ted
into two m a jo r  f r a c t io n s  by thin la y e r  s i lv e r  ion ch ro m a to g ra p h y .  -g
The m o r e  m o b ile  band w a s  m a in ly  saturated  e s t e r s  (98%) and the
l e s s  m o b ile  band w a s  m a in ly  m on oen e  e s t e r s  (89%).
i
P r e p a r a t iv e  gas  liquid  ch ro m a to g ra p h y  (glc) -4mmm n i  I M iW  w  W —i '  mamm d iJbw  « m b  miiii, — .  ■ «L « m b '  C 3 L . B i. y  '' > .
Iso la t io n  of ind iv idu a l fatty  a c id s  w a s  f in a l ly  a ch ie v ed  u s in g  
p rep a r a t iv e  glc on 20% E G S S -Y . D e ta i ls  of the p rep a r a t iv e  g lc  
p r o c e d u r e  a r e  a s  p r e v io u s ly  d e sc r ib e d  ex ce p t  that the ou tlet  
tem p e r a tu r e  w a s  s e t  at 260°% E ach  fatty  acid  w a s  co n cen tra ted jIunder a gen tle  s t r e a m  of n itro g en  and the w eigh t n oted . P u r i ty  i
w as  ch eck ed  by g lc  (10% S P  2340), and the and C »
e s t e r  f r a c t io n s  obtained w e r e  in  e x c e s s  of 99% p u r ity ,  |
%
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T ab le  I .  C om ponent a c id s  (% w t, S P -2 3 4  0 co lu m n s)  of to ta l  l ip id s ,
adduct 1 ( A l ) ,  adduct 2 (A2), adduct 2 - s i lv e r  ion  sep a ra ted  
fr a c t io n  1 (A 2 A g F l)  and fra c t io n  2 (A 2A gF 2), m o th er  
l iq u or  1 (M L l) and m oth er  liqu or  2 (MLt2)
A ss ig n m e n t  T o ta l  A l  A2 A2AgFl A2A,gFl A2AgF2 M L l M L2 |
166% ] 154 %] (3%
SE30)
l34%] 112%]
14:0 3 .4 5 .4 3 . 8 6 . 0 6 .5 0 . 6 2 . 1 5 . 6 i
15:0 0 .3 0 . 6 1 . 2 1 . 2 0 .7 - - 0 . 6
..'ft.
>
1?..116:0 1 0 . 0 24. 8 3 9 .4 6 2 .8 65 . 8 2 . 6 1 . 2 1 7 .7




18:0 2 . 5 6 . 1 1 5 .4 2 7 .5 2 4 .1  . 0 .7 0 . 9 2 . 0
18:1 2 1 . 9 1 9 .6 6 . 6 - 0 . 8 15 .4 2 1 . 0 2 3 .9
18:2(n-6) 1 .9 0 , 3 0 . 2 - - - 3 . 0 0 . 6 14'
2 0 : l /1 8 :3 (n -3 ) 1 4 .6 1 9 .7 1 0 .9 - - 2 6 .1 1 0 . 6 2 3 .7
I
1à
18:4(n-3) 2 .4 - - - - - 4 . 1 0 . 2
2 2 : l / 2 0 : 4 ( n - 6 8 . 8 18. 8 1 8 .6 - - 4 5 . 6 2 .7 19. 8
20:4(n-3) 0 .7 - - - - - 1 . 2 -
20:5(n-3) 1 0 . 8 0 . 2 - • - - - 1 7 .5 0 . 2 ■ii
22;4(n-6) 0 . 9 1 .3 2 .4 - - - 0 . 5 - 11
22:5(n-3) 0 . 8 - - - - - • 1 .7 - ii
T-.22:6(n-3) 1 1 . 8 - - - - 5 . 9 1 9 .6 1 . 1
O th ers 0 . 1 - 1 .3 2 .3 2 . 1 1 .7 1 . 2 - 11
Note: [%j - in d ic a te s  p e r c e n ta g e  of m a te r ia l  in ea ch  of th e s e  f r a c t io n s
 ^" ‘-■I '
"('I ' 'T
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S ch em e I F lo w  d ia g ra m  fo r  the i so la t io n  of the s tr a ig h t -c h a in  
saturated  fatty  a c id s  fro m  cod l i v e r  o il
Cod l iv e r  o i l
IM KOH 
F r e e  fatty  a c id s  (50 g) 
u rea  (50 g)
1M other liqu or  1 (M L l ,  1 4 .5  g)
A dduct 1 ( A l ,  2 8 g)
u rea  ( 1 1 2  g)
%M other liqu or  2 (M L2, 4 . 5  g)
Adduct 2 (A 2 , 2 1 .5  g)
A g t ic  ( 0 .5  m m  th ick n ess )  
( 1 0 0  m g /p la te )
“ 1A2AgF2
A 2 A g F l
r
14:0
P r e p a r a t iv e  glc on EGSS-Y (20%)
1 I I T
15:0 16:0 17:0 18:0 20:0
■S'.
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(a) Id en tif ica t io n  by m a s s  sp e c tr o m e tr y
(i) A uthentic  m eth y l  h ex a d eca n o a te  (16:0)
T he m a s s  sp ec tru m  of m e th y l  h ex a d eca n o a te  (page 142) w a s  
exam ined  to a s s i s t  in the in terp re ta t io n  of the s p ec tra  obtained fr o m  
the e s t e r s  i s o la te d  f r o m  cod l iv e r  o i l .
The sp ec tru m  sh ow s a m o le c u la r  ion peak at m / e  270 (1.4%)  
and fra g m en t  io n s  at m / e  241 (0.7% ), 239 (M -3 1 , 1.4%), 227 (2.4% ),  
2 1 3 (0 .7 % ) ,  1 9 9 (1 .0 % ) ,  1 8 5 (1 .4 % ),  1 7 1 (1 .4 % ),  1 5 7 (0 .7 % ) ,  143 
(7 .6 % ), 1 2 9 (3 .8 % ) ,  1 1 5 (1 .7 % ),  1 0 1 (3 .5 % ),  87 (62 . 1%) and 74 (100%). 
T he a c y l iu m  io n  at m / e  239 (M -31) r e s u l t s  fr o m  c le a v a g e  of the
e s t e r  function  thus:
.+P
CH^(CH^)^C ------------> CH^(GH^)^C=o''' + ÔCH^
OCHj
The b a se  peak  at m / e  74 r e s u l t s  fro m  M c L a ffe r ty  r e a r r a n g e m e n t  
and i s  co m m o n  to a ll  m eth y l e s t e r s  w hich have  an H atom  on C -4  and 
are  not substitu ted  at C - 2 .  It a r i s e s  fr o m  the fo l lo w in g  fragm entation:
/ V  ^ / %  + RCH =CH2
CH O CH^ C H jO  CH
T he rem a in in g  io n s  l i s t e d  above be lon g  to the s e r i e s  
i,(CK^)^COOCI^ of w hich  that of m / e  87 (n=2) i s  the m o s t  abundant.
T h is  d e r iv e s  i t s  s ta b i l i ty  f r o m  reson an ce:
C OH t)HI + H
CHgO CH CHgO CH
90 2 D in h -N gu gen  et a l , f r o m  a study of H - la b e l le d  com p ou n d s ,
conclude: (a) th ere  i s  e x te n s iv e  h yd rogen  in terc h a n g e  a long the ch a in ,
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(b) w h ils t  the  io n s  of m a s s  m / e  87, 101, 115, and 129 a r i s e  fr o m  
s y s te m a t ic  c le a v a g e  of the chain  the fr a g m e n ts  of h ig h er  m / e  
r e su lt  through ex p u ls io n  of in te r m e d ia te  p o r t io n s  of the chain.
F o r  e x a m p le ,  the M -2 9  ion  a r i s e s  a lm o s t  e x c lu s iv e ly  by l o s s  of  
the G -2  and C -3  m e th y le n e  group.
(ii) M ethyl te tra d eca n o a te  (14:0)
T he m a s s  sp ec tru m  of th is  e s t e r  (page 142) sh ow s a m o le c u la r  
ion at m / e  242 (3.5% ), the a cy l iu m  ion at m / e  211 (2,2%), and a 
b a se  peak at m / e  7 4 .  Ions of the s e r i e s  i(CI^)^COOCHg a r e  
apparent at m / e  241 (0 . 1%), 227 (0 .1% ), 2 1 3 (2 .2 % ) ,  199 (3.0% ),  
1 8 5 (0 .9 % ),  1 7 1 (0 .4 % ),  1 5 7 (0 .9 % ) ,  1 4 3 (6 .1 % ),  1 2 9 (2 .6 % ) ,  115 
(0.1% ), 101 (3.5%) and 87 (56 .6% ).
Ç.Ü) M ethyl h exa d eca n o a te  (16:0)
T he m a s s  sp e c tr u m  of th is  e s t e r  (page 14 3) d isp la y ed  a s im i la r  
fra g m en ta t io n  p attern  to the authentic m e th y l  h ex a d eca n o a te  a lr ea d y  
d is c u s s e d .  The m o le c u la r  ion  w a s  o b se r v e d  at m / e  270 (3 .5% ), the  
a cy l iu m  ion  at m / e  239 (1.7%) and a b a s e  peak at m / e  7 4 ,  F r a g m e n t  
io n s  of the s e r i e s  l,(CI^)^COOCHg w e r e  o b se r v e d  at m / e  241 (0 .7% ),  
227 (2 .6% ), 2 1 3 (0 .3 % ) ,  199 (1.3% ), 1 8 5 (1 .7 % ),  1 7 1 (1 .3 % ) ,  157 
(0 .9% ), 143 (7 . 0 %), 129 (3 .5% ), 115 (1.3% ), 101 (3.9% ), and 87 (56 .6% ).
(iv) M ethyl o c tad ecan oate  (18:0)
The m a s s  sp ec tru m  of th is  e s t e r  (page 14 3 ) showed a m o le c u la r  
ion at m / e  298 (4 . 3%), w hich  i s  e v id e n c e  of a sa tu ra ted  s tr u c tu r e .
The a cy l iu m  ion at m / e  267 (1.4%) co n f irm e d  the v a lid ity  of the  
m o le c u la r  ion  and the b a se  peak o c cu rr ed  at m / e  7 4 .  The
 «•  * . «  ^ . -. ' & *. . ■ ' t r r"-' ....
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fr a g m en ta t io n  p a tte r n s  a r e  s im i la r  to th ose  a lr e a d y  d is c u s s e d .
Ion s of the s e r i e s  [(CH^)^COOCHg w e r e  o b se r v e d  at m / e  
269 (0 .4% ), 255 (2.6% ), 2 4 1 (0 .4 % ) ,  227 (0 .4% ), 2 1 3 ( 1 .1 % ) ,  199 
(2 .1% ), 1 8 5 (1 .4 % ) ,  1 5 7 (0 .1 % ) ,  1 4 3 (9 .3 % ),  1 2 9 (3 .2 % ) ,  1 1 5 (1 .4 % ) ,  
101 (3.6%) and 87 (53.6% ).
1(v) M ethyl e ic o sa d e c a n o a te  (20:0)
T he m a s s  sp e c tr u m  of th is  e s t e r  did not show the exp ected  
m o le c u la r  ion  at m / e  326 . A lthough the p u rity  of th is  e s t e r  w as  
. ^  99%, the amount w a s  v e r y  s m a l l  (0 . 02 m g ) .  T h e b a se  peak at 
m / e  74 due to M c L a ffe r ty  r e a r r a n g e m e n t  ion  w a s  p r e s e n t  and 
c o n f irm e d  the com p on en t a s  a m e th y l  e s te r .  T he second  la r g e s t  
peak o cc u r r e d  at m / e  87 and other s e r i e s  of io n s  a s  a lr e a d y  
d is c u s s e d  with other m e th y l  e s t e r s  w e r e  p r e s e n t .  T he m a s s  
sp ec tru m  of th is  com p on en t th e r e fo r e  fa iled  to p ro v e  the s tru c tu re  ^
of th e  fa tty  a c id .  T en ta t iv e  id en t if ica t io n  of th is  e s t e r  m u st  
th e r e fo r e  r e s t  on ch ro m a to g ra p h ic  b eh a v io u r .  |
(b) If
Both p o la r  and n o n -p o la r  co lu m n s  w e r e  u sed  fo r  the a n a ly s is  
and ten ta tive  id en t if ic a t io n  of the iso la te d  a c id s .  E qu iva lent  
ch a in  len g th s  w e r e  c a lc u la te d  f r o m  a standard r e fe r e n c e  l in e  
obtained by p lotting  the lo g a r ith m s  of the re ten t io n  t im e s  of 
^14"^24 sa tu ra ted  m o n o ca rb o x y lic  m eth y l  e s t e r s  aga in st
the num ber of carb on  a to m s  in  the a c id .  The E C L  v a lu e s  obtained  
f r o m  10% S P -2 3 4 0  (p o la r ) ,  3% S E -3 0 ,  and 20% EG SS-Y  co lu m n s  
showed th e s e  a c id s  to be sa tu r a ted .
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C o n c lu s io n s  reg a r d in g  the s tr u c tu r e s  of th e s e  saturated  a c id s  
a re  th e r e fo r e  b a sed  on the fo llow in g  o b s e r v a t io n s .
(a) T he a c id s  w e r e  obtained fr o m  adducts a fter  rep eated  u r e a  
fra c t io n a t io n .  A s  a lr e a d y  pointed out only  s tr a ig h t -c h a in  a c id s  
fo r m  u r e a  a d d u c ts .  T h e s e  a re  m a in ly  sa turated  but con ta in  a ls o  
som e m on oen e  com p ou n ds .
(b) The s tr a ig h t -c h a in  saturated  a c id s  w e r e  co n v en ie n t ly  sep a ra ted  
fr o m  the m o n o e n e s  by a rg en ta t io n  ch ro m a to g ra p h y  ( t ic ) .  With P E 5  
a s  d eve lop in g  so lv en t  sa turated  e s t e r s  m ig r a te  w e l l  ahead of  
m o n o e n e s  and a re  r e a d i ly  sep a ra ted  fr o m  th em ,
(c) In gas  liquid c h ro m a to g ra p h y  on s e v e r a l  p h a s e s ,  th ey  a lw a y s  
behave l ik e  authentic  sa turated  e s t e r s .
(d) The m a s s  sp e c tr a  of the v a r io u s  iso la te d  e s t e r s  f in a l ly  co n f ir m e d  
th e ir  s t r u c tu r e .  T h e  m o le c u la r  ion  co n f irm e d  the m o le c u la r  w eigh t  
and other  c h a r a c t e r i s t i c  io n s  showed th e s e  a c id s  to be sa tura ted  and 
s tr a ig h t -c h a in .
T T ?  r  J - T -
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2 .2  ISOPRENOID ACIDS
2 , 2 . 1  In troduction
T he o r ig in  and w id e sp r e a d  o c c u r r e n c e  of iso p ren o id  a c id s  in
f is h  o i l s  h as  b een  tr a c e d  to the food s o u r c e s  of th e se  o r g a n is m s
w ith in  which an e f f ic ie n t  but c o m p le x  p r e d a to r -p r e y  in te r r e la t io n s h ip
91h a s  evo lved  into a m a r in e  food web A d ir e c t  food ch a in  link
h as  b een  e s ta b l ish e d  b etw een  phytoplankton and the A n ta r c t ic  
92w h a le s '" .  T he a n ta rc t ic  k r i l l  (Euphansia  supberba Dan) feed  on the  
phytoplankton and ev en tu a lly  a r e  eaten  by the A n ta r c t ic  w h a le s .
T e r r e s t ia l  m a m m a ls  and m ic r o o r g a n is m s  h ave  been  shown to  
co n v e r t  phytol (3, 7 ,  11, 1 5 - t e t r a m e t h y lh e x a d e c - 2 - e n - l - o l )  into  
phytanic acid  ( 3 , 7 ,  11, 15 -te tr a m e th y lh e x a d e c a n o a te )  w ith s m a l le r  
am ounts  of p r is ta n ic  ac id  (4, 8 , 12 - tr im e th y ltr id e c a n o a te )  and t r a c e s  
of phytenic  acid  ( 3 ,7 ,  11, 1 5 - t e t r a m e th y lh e x a d e c -2 -e n o ic  acid)^^  
a s  shown b e lo w .
P h y to l  (C^q)
DL D
P hytan ic  acid  (C^^)
H O
0 '  DL D






E n dogenous s y n th e s i s  of phytanic acid  d o es  not take p la c e  in  
e ith er  m a m m a ls  o r  f i s h .  I so p re n o id  a c id s  found in  m o s t  f i s h  a r e  
d er iv ed  fr o m  s e a w e e d s  and the food w eb . The fo llo w in g  g e n e r a l  
sch em e  ( s e e  S c h e m e  II) i s  now o ffered  as  p o s s ib le  pathw ays to 
iso p ren o id  a c id s  in  f i s h .
In the aquatic  en v iron m en t u nsatu rated  h y d r o c a r b o n s ,  such  a s  
za m en e  and p hytad ien e , a re  d er iv ed  fr o m  phytol by ox id ation -  
d ecarb oxy la tion  and d eh yd ration  r e s p e c t iv e ly .  T h e s e  u n sa tu ra ted  
h y d ro ca rb o n s  fo r m  a m a jo r  food so u rce  fo r  zoop lankton  and w hen  
l ib e ra ted  into the ocean  they u ndergo  so m e  ox idation  at the double  
bond to  fo r m  4 , 8 , 1 2 - tr im e th y ltr id e c a n o ic  a c id .  T h is  ac id  la te r  
r e - e n t e r s  the aquatic  food web v ia  f i l t e r  f e e d e r s .  It h as  b een
97su g g ested  that p r is ta n e  a ls o  i s  o x id ised  to p r is ta n ic  acid
P r i s ta n e  m a y  be d er iv e d  fr o m  the p r e c u r s o r ,  phyto l, with
p r e s e r v a t io n  of the o r ig in a l  s t e r e o c h e m is t r y  as  the m e  so form ;
and the c o n v e r s io n  of phytol to p r is ta n e  m a y  be r e s p o n s ib le  for  i t s
98w id esp rea d  o c c u r r e n c e  in  the aquatic  food w eb . Zooplankton
have b een  shown to con ta in  a p p rec ia b le  am ounts  of z a m en e
(2, 6 , 10, 1 4 - te tr a m e th y lp e n ta d e c -2 -e n e )  and phytad ien e  ( 3 , 7 ,  11, 15-
99te tr a m e th y lp e n ta d e c a -1, 3 -d ien e )  and s in ce  zooplankton  a r e  am ong  
the ch ie f  s o u r c e s  of food fo r  m o s t  f is h ,  the o c c u r r e n c e  of iso p r e n o id  
a c id s  i s  not s u r p r is in g .
V a r io u s  tech n iq u es  have  b een  u sed  fo r  the i s o la t io n  of 
iso p ren o id  a c id s  fr o m  d if fere n t  s o u r c e s .  H a n sen  and Shorland^^^  
em ployed  fr a c t io n a l  d is t i l la t io n ,  ad sorp tion  ch ro m a to g ra p h y  and 
l o w - tem p e  ra tu re  c r y s t a l l i s a t io n ,  w hile  Son neveld  u sed
fr a c t io n a l  d is t i l la t io n ,  u r e a  a d d u c t-fo r m a tio n  and c o u n te r c u r r e n t  
d istr ib u tion , fo l low ed  by hyd rogen ation  and p r e p a r a t iv e  gas  liquid
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S ch em e II . P o s s ib l e  p athw ays fo r  the exogen ou s  s y n th e s is  
of iso p r e n o id  a c id s  p r e s e n t  in f is h .
O ' -  -  0
phytol (C^q)
phytanic acid  (C^q) P h y ta d ien e  (C^q)
P r is ta n ic  ac id  (C^^)
I
Z a m en e  (C^^)
P r is ta n e  (C^^) (m eso )
4 , 8 , 12-T M T D  (C^^)
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iso la t io n  of iso p r e n o id  a c id s  fr o m  m o s t  f ish  o i l s  i s  not e a s y .  
The p r e fe r r e d  m ethod  fo r  the iso la t io n  of a l l  b r a n c h e d -c h a in
ch ro m a to g ra p h y .
~  ICod l iv e r  o i l  con ta in s  an a p p rec ia b le  am ount o f  C^^ m o n o en e  4
I
acid  w hich  o v e r la p s  w ith  the m u lt i-b ra n ch ed  C^q fa tty  ac id  |
■f(phytanate) on p o la r  c o lu m n s  in  gas  ch ro m a to g ra p h y . M o r e o v e r ,
the tota l co n cen tra t io n  of t h e s e  iso p ren o id  a c id s  in cod  l i v e r  o il
. 102i s  v e r y  s m a l l  (probably  0 .0 1  to  1.0% ). F o r  th e s e  r e a s o n s ,
1com pounds in v o lv e s  u r e a  fractionation^^ 92 ,103  ^ T he iso p r e n o id  %Ia c id s  do not fo r m  u r e a  c o m p le x e s  and thus r e m a in  in the m o th er  
l iquor w h e re  they  w i l l  be  acco m p a n ied  by so m e  other b ra n c h e d -c h a in  
a c id s ,  furanoid  a c id s ,  p o ly en e  a c id s ,  so m e of the sh o r ter  chain  
a c id s ,  and som e non-lip id  m a t e r ia l .
2 . 2 . 2  Iso la t ion
In the p r e s e n t  in v e s t ig a t io n  iso p r e n o id  a c id s  w e r e  i s o la te d  fr o m  
the cod  l i v e r  o il  fa tty  a c id s  by u rea  fra c t io n a t io n ,  s i lv e r  ion  
ch rom atograp h y  and p r e p a r a t iv e  gas  liquid  ch ro m a to g ra p h y  as  
in d ica ted  in S c h e m e  III.
T he m eth y l  e s t e r s  w e r e  f i r s t  c r y s t a l l i s e d  w ith  u rea  and -4
m eth an o l u s in g  2 g of u r e a  p e r  g of e s t e r .  T h e e s t e r s  r e c o v e r e d  
fr o m  the adduct and fr o m  the m o th e r  liquor had th e -c o m p o s it io n s  
su m m a r is e d  in T ab le  2. The e s t e r s  w hich  did not fo r m  an in it ia l  
adduct w e r e  su bm itted  to  a secon d  tr e a tm e n t  w ith  u r e a  (5 g per  g 
of e s t e r )  and th e se  fr a c t io n s  had the a p p rox im ate  c o m p o s i t io n s  
shown in T a b le  2.
The second  l iq u o r  w a s  e luted  fr o m  a co lu m n  of s i l i c a  
conta in ing  s i l v e r  n itr a te  w ith  a range of s o lv e n ts  of in c r e a s in g
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p o la r i ty .  GLC a n a ly s i s  show ed that the p o ly e n e s  had been  
la r g e ly  retainecTon the c o lu m n . A n a ly t ica l  t ic  (both s i lv e r  
and ord in ary  s i l i c a  t ic )  w as  c a r r ie d  out on the e lu ted  fr a c t io n s  /
A g C C F l and AgCCFZ a lo n g s id e  authentic  s a m p le s  of phytanate , |
m o n o en e ,  and sa turated  e s t e r s .  A gC G F l con ta in ed  two bands of 
a lm o s t  equal a m o u n ts .  T he f a s t e r  m ov in g  band w a s  p r e s u m a b ly  |
h y d ro ca rb o n s ,  w h ile  the o ther  band contained m e th y l  e s t e r s .
T ab le  2. C om ponent a c id s  (% w t, SP 2340  co lu m n s  185°) of to ta l
l ip id s ,  adduct 1 ( A l ) , adduct 2 (A2) and m o th er  l iq u or  2 (M L 2).
A ss ig n m e n t T ota l A l A2 M L 2
14:0 3 .4 3 . 8  , 0 . 1 1 .9
15:0 0 . 3 0 . 5 0 . 2 0 . 1
16:0 1 0 . 0 1 8 .5 0 . 1 -
16:1 9 .1 7 . 0 1 .3 4 . 5
18:0 2 . 5 3 .7 ••
18:1 2 1 .9 2 8 .6 2 .4 1 .4
18:2 ( n - 6 ) 1 .9 0 . 1 2 .4 2 . 0
20 :1 /1 8 :3  (n-3) 1 4 .6 16. 1 1 .9 -
18:4 (n-3) 2 .4 0 .4 6 .7 7 .4
22 :1 /2 0 :4  ( n - 6) 8 . 8 =7.8 1 .5 0 . 9
20:4 (n-3) 0 . 7 - 2 .4 -
20:5 (n-3) 1 0 . 8 3, 8 3 2 .5 1 5 .1
22:4 ( n - 6 ) 0 . 9 1 .7 1 .7 1 . 1
22:5 (n -3) 0 . 8 1 .4 4 .4 0 .4
22 :6  (n- 3) 1 1 . 8 4 . 0 3 6 .5 5 8 .9
O th ers 0 . 1 2 . 6 6 , 1 6 .3
\
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S ch em e III. F lo w  d ia g r a m  for i s o la t io n  of iso p r e n o id  a c id s
Cod l iv e r  o i l  (14 50 g)
M eO H ,N aO M e  
M ethyl e s t e r s
u r e a  ( 2 :1 )
!
4- F i r s t  adduct (1214 g) |
F i r s t  l iqu or  (2 66  g) 
u r e a  (5:1)
1-
Second adduct (155 g)
Second liquor  (111 g)
30% A g co lu m n  ch ro m a to g ra p h y  
(52 X 9 .5  cm ) (100 g of e s t e r s )
II
E luted with P E  5
4  A g C C F l ( 3 .0  g)‘ I
E luted  with P E  10 
*A gC C F2 (1 0 .5  g)
;  J -A g B l  A gB2
(4 5 mg) (1 mg)
P r e p .  A g TEC (1 .0 0  m m  th ick n ess )  
200 m g  X 7 p la te s
J  J.
A gB 3 AgB4 A gB5
(630 m g) (340 m g) (80 mg)
P r e p .  A g TEC ( 0 .5  m m  th ic k n e ss )  
( 1 0 0  m g  X 6 p la te s )
Î
A g B 3 .1  
(45 mg)
" T “
A g B 3 .Z  
(400 m g)i
”1
A g B 3 .3  
(15 m g)
■f
P r e p .  GLC (2.5% ApL)
8 6 . 5 g M ethyl e s t e r s  w e r e  reta in ed  on the co lu m n
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T he two fr a c t io n s  (A g C C F l and AgCCFZ) w e r e  ch rom atograp h ed  4 
se p a r a te ly  on s i l i c a  to f r e e  the m eth y l e s t e r s  of n o n - e s t e r  
con tam in an t. T h e c o m p o s it io n  of the two fr a c t io n s  (A g C C F l and 
A gCC FZ), to g e th e r  c o m p r is in g  about 1% of the to ta l  m eth y l  e s t e r s ,  
i s  d e ta iled  in  T a b le  3.
T ab le  3. C o m p o s it io n  (% wt) of A g C C F l ,  AgCCFZ and A g B 3 .2  
(S P -2 3 4  0 at 185°)
T en ta tive  A s s ig n m e n t A g C C F l A gC C F2 A g B 3 .2
i
^ 1 6 0 . 2 1 1 .5 2 0 . 6 ■1
^17 0 . 5 1 . 0 - i
^ 19 3 2 ,6 1 0 . 1 1 4 .4
i
^ 2 0 6 6 .7 3 2 .3 6 5 .0 1"1
O ther b ra n ch ed -ch a in  e s t e r s - 9 . 8 - ■f
F u ran oid  e s t e r s . 3 5 .2 1
3
1
F r a c t io n  1 a p p ea rs  to be m a in ly  the P^^ and P^Q e s t e r s w h i ls t %
fra c t io n  2 a ls o  co n ta in s  s o m e  P I  6 , o ther  b ra n ch ed -ch a in  e s t e r s  and 
so m e furanoid e s t e r s .
T h is  r e s u l t  in d ic a te s  that the iso p ren o id  a c id s  a r e  e luted  fr o m  
s i lv e r  ion  co lum ns by P E 5 in  the ord er  P^^ b e fo r e  P^^, b e fo r e  P^,^, 
b efo re  P^^. F u r th e r  s i lv e r  ion  ch ro m a to g ra p h y  of A gC C F 2 ( s e e  
S ch em e  III) produced  a f r a c t io n  contain ing only  iso p ren o id  a c id s .
P r e p a r a t iv e  g lc  (ApE, 3.5%) w a s  then u sed  to i s o la t e  each  of 
the iso p r e n o id  a c id s  in  p u re  fo r m  p r io r  to s tructura l d e term in a t io n  
by m a s s  s p e c tr o m e tr y .  T he is o p r e n o id  band (A gB 3 . 2) w a s  sep a ra ted  
into th ree  d is t in c t  p eak s  co rr e sp o n d in g  to the C and C^o
•V .6;  , < '   i ‘  , î  ... . . . . . . .  .. ’
adopted to red u ce  or  e l im in a te  th is .  In p a r t ic u la r  the te m p e r a tu r e  
of the c o l le c t in g  v ia l s  w a s  k ept at 0 -10°G  and s a m p le s  not e x c e e d in g
5-7  m g  w e r e  app lied  to the co lum n; at th is  l e v e l  s e p a r a t io n  o f
above co lu m n  te m p e r a tu r e  helped  to red u ce  co n ta m in a t io n .  In je c t io n
of d is t i l l e d  h exan e  b etw een  each  peak  a ls o  helped  to im p r o v e  the
104pu rity  of is o la te d  com pounds . T he EC L and % pu rity  of
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com p ou n d s .  The ^  ac id  , p r e s e n t  in  a t r a c e  am ount w a s  not .ii s o la te d  by th is  technique but the r e s t  w e r e  trapped and r e c o v e r e d  I
a s  d eta iled  in  the e x p e r im e n ta l  sec t io n  (page 126).
A sp lit  ratio  of 100:1 in  fa v o u r  of the c o l le c t o r  w a s  u se d  and g
r e c o v e r y  of e s t e r s  w a s  in e x c e s s  of 60%, Sudden co o l in g  of
sep ara ted  co m p o n en ts  on co n ta c t  with c h lo r o fo r m  produced  a e r o s o l  i
'fo rm a tio n  with som e l o s s  of m a te r ia l  and c e r ta in  m e a s u r e s  w e r e
J
v a r io u s  co m p o n en ts  w a s  c o m p le te .
The d e g r e e  and exten t of con tam in ation  w as  a ffec ted  by the 
te m p e r a tu r e  of the ex it  tube. A s ligh t in c r e a s e  of te m p e r a tu r e
is o la te d  co m p on en ts  by p re p a r a t iv e  glc a r e  d e ta i led  in  T a b le  4 .  *1
T ab le  4 . EC L and % p u rity  of the P .  ac id  e s t e r  co m p o n en ts  
a fter  p r e p a r a t iv e  g lc
A s s ig n m e n t  E C L  E C L  P u r ity
A pL , 3.5% , 2 0 0 °  S P 2 3 4 0 , 10%, 185°  %
P j^  1 4 .3  1 4 .1  1 0 0 .0
P^g 1 6 .4  1 5 .6  9 9 .9
PgQ 1 7 .5  1 6 .9  1 0 0 .0
2 . 2 . 3  B io sy n th e t ic  sp ecu la t ion
T he th ree  p h y to l-b a se d  e s t e r s  (^2  6*^19*^20^ w e r e  id en tif ied  
by a co m b in a t io n  of g lc  behaviour and m a s s  s p e c tr o m e tr y  in
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c o m p a r is o n  w ith known in fo rm a tio n  about th e s e  com p ou n d s .
about MS fr a g m en ta t io n  of b ra n ch ed -ch a in  e s t e r s  w hich  h a s  b een
G H 3 ( C H 2 ) - CH "(CH.) G O .M e  ' 2^n 2
—— a, a + i ,  a +2
a) G e n e r a o m m e n ^ _ o n ^ y i e _  m ^ s^  ^pectrajoJ! l^ ^ n c ^ e d -  c^am_apid s_




rev iew ed  by M cC lo sk e y  and A b rah am s son et al^^^ and d is c u s s e d
by Apon and N i c o l a i d e s ^ a n d  Lough and S m i t h a m o n g  o th e r s .




e ith er  s id e  of the b r a n c h e d -c h a in  carbon  atom  to  g ive  fr a g m e n ts  
a and b . With a m e th y l  b ran ch , th e s e  d if fer  by 28  m a s s  un its  
and the p ea k s  at a and b a r e  m u ch  la r g e r  than the peak  at a+14 
w hich  would be obtained in  the a b sen ce  of bran ch in g  at that poin t.
In addition , fragm en t a i s  acco m p a n ied  by s m a l le r  p ea k s  at a+1,  
and a+2 , and fr a g m e n ts  a+b m a y  each  lo s e  m eth an o l and w a te r  |
s eq u en tia l ly .
A d ifferen t  kind of fra g m en ta t io n  p r o d u c e s  p ea k s  at M -2 9  
through l o s s  of the C -2  and C - 3  m e th y le n e  grou p s and hyd rogen ,  
and at M -4 3  through l o s s  o f  the C -2  to C -4  m e th y le n e  groups and 
h yd rogen . T h e se  f ig u r e s  w i l l  be m o d if ied  if  any o f  the m e th y le n e  f
groups in  th e se  p o s i t io n s  c a r r y  a branched  m e th y l  group . A 
s ign if ican t  peak i s  a l s o  exp ected  at m / e  74 due to  M cL a ffe r ty  
r e a r r a n g e m e n t .  T h is  w i l l  have a h igh er  m / e  v a lu e  i f  the e s t e r  
i s  substitu ted  at C - 2 .
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b) M ass^peRtjrum _qf j ? 2 0 s t e r
1 I 113! 2 5 1
I 2 6 1
OCH
Ll01f basepeik)
T he P^Q m eth y l e s t e r  is o la te d  by  p r ep a ra t iv e  glc w a s  subm itted  
to m a s s  s p e c tr o m e tr y  (page 144). A m o le c u la r  ion  at m / e  326  
(13%) in d ic a te s  the m eth y l  e s t e r  of a C -20  acid  and the p r e s e n c e  of  
a s ig n if ica n t  peak at m / e  74 (65%) c o n f ir m s  the e x i s t e n c e  of a m eth y l  
e s t e r  and the a b se n c e  of substitu tion  at C -2 ,
T he b a se  peak  at m / e  101 i s  a c l e a r  in d ica tion  of a 3 -m e th y l  
d e r iv a t iv e .  O th er  branched  m eth y l  group s at C -7  ( m / e  143, 144,
112, 111 and 171), C -1 1  ( m / e  213 , 214, 215 , 181 and 241) and 
C -1 5  ( m / e  283, 285 , 251 and 311) a r e  ind icated  by the p ea k s  l i s t e d  
in  p a r e n th e s i s .  T he f i r s t  and la s t  peak in each  group r e s u l t  f r o m  
c le a v a g e  on e i th e r  s id e  of the branched  m eth y l grou p . The  
fo r m a t io n  of o ther fra g m en t  io n s  h a s  been  d i s c u s s e d  in sec t io n  a ) .  
T h e r e  i s  good r ea so n  th e r e fo r e  to b e l ie v e  that the sa m p le  
under in v e s t ig a t io n  (P^^) i s  m e th y l  3 , 7 , 1 1 ,  15 - t e t r a m e th y lh e x a ­
decanoate  (phytanate). The fra g m en ta t io n  p a t te r n s  o b s e r v e d  h e r e  
w e r e  s im i la r  to th o se  rep o rted  e lsew here^^^* 108, 109^ S im ila r  
r e s u l t s  w e r e  o b se r v e d  with an authentic  sa m p le  of m e th y l  phytanate  
and in  a GC-M S s p e c tr u m  obtained fro m  a m ix tu r e  of the p h y to l-b a se d
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e s t e r s .
c) M a s s  s p e c tr u m  of the P ,  _ m eth y l e s t e r
. 2 6 9
! 1 4 9 1 7 9' 1 6 7 i 97LI 9 9 L129
1 7 7 1 0 71 9 5 1252 2 7  L 1 5 7
OC H3
I
1 . 88  ( b a s e  p e a k )
T h is  e s t e r  i s  shown to be m e th y l  p r is ta n a te  ( 2 ,6 ,  10, 1 4 - t e t r a -  
m eth y lp en tad ecan oate)  on the b a s i s  of the fo llow in g  c h a r a c te r i s t ic  
p ea k s .
The m o le c u la r  ion  ( m / e  312 (22%) ) in d ic a te s  the m eth y l e s t e r  
of a sa turated  C -1 9  a c id ,  and the b a s e  peak at m / e  88 (ra th er  than  
the freq u en tly  en cou n tered  m / e  74) show s the p r e s e n c e  of m eth y l  
branching at G -2 .  T h is  i s  supported  by a s m a l l  but c h a r a c t e r i s t ic  
ion at m / e  253 (M-COOGH^).
The p r e s e n c e  of a secon d  m e th y l  group on C - 6 ,  fo l lo w s  fro m  
the ap p earan ce  of p eak s  at m / e  129, 130 and 97 , and 157, 125 and 
107. F u r th er  ev id en ce  for  th is ,  i s  the p r e s e n c e  of a peak at m / e  222  
(M -9 0 ) ,  Sen Gupta et  a l  and M ey e r  sen  and L eitch^  have  
indep endently  shown that the 6 -m e th y l  substitu ted  a c id s  p rod u ce  a 
fragm en t ion  of M -7 6  through l o s s  of CH^OH and CH^^CHOH, T h is
fra g m en t  w i l l  be at M -9 0  b e c a u s e  of the m e th y l  group on C - 2 .  Jacob
112 113and P o ltz  and Jacob  have p r e v io u s ly  rep o rted  that 6 - m eth y l
substitu ted  e s t e r s  show an in te n s e  M -7 6  ion , w hich i s  sh ifted  to M -9 0
if  an additional m eth y l  b ran ch  i s  lo ca ted  in  C -2  p o s it io n .
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T he m e th y l  group at C -1 0  i s  am ply  d em o n str a ted  by the
exp ected  f r a g m e n ts  at m / e  199 and 227 . M ost  m e th y l  e s t e r s
w ith  m eth y l s ide  ch a in  at C - lO  in  addition to a peak at m / e  199
exh ib it  c h a r a c te r i s t ic  p ea k s  at m / e  167 (MeOH e lim ination )
fo llow ed  by l o s s  of w a te r ,  to g iv e  m / e  149.
F r a g m e n ts  at m / e  269 and 297 in d icate  a m e th y l  s id e  ch a in
at C - 1 4 ,  The m a s s  sp e c tr u m  of the  ^ m eth y l e s t e r  i s  shown
on page 145. The v e r y  low  peak  in te n s i t ie s  in  the high reg io n
114part of th is  sp ec tru m  h ave  p r e v io u s ly  b een  co m m e n te d  on
d) M a s s  sp ec tru m  of the P ,  , m eth y l e s t e r
OCH3
I I 1 7 7
L 87(base peak)
T he m o le c u la r  ion  (270 (6%) ) in d ic a te s  the m e th y l  e s t e r  of  
a saturated  C ^  acid  and th is  i s  co n f irm e d  by the a c y l iu m  fra g m en t  at 
m /e239 (M -31 ),  in d ica t iv e  o f  m e th y l  e s t e r s .  T he b a s e  peak at m / e  87 
i s  that ex p ected  of an e s t e r  with a 4 -m e th y l  su b st itu en t.  A noth er
CH_ R 
^  /
.+OHI IC H 2 = G H -C ~ 0 ~ C H ^  
m / e  87
fra g m en t  c h a r a c t e r i s t ic  of a 4 -m e th y l  group i s  o b s e r v e d  at m / e  213  
(M -57) and in d ic a te s  the l o s s  of a four carb on  fr a g m e n t  (C -2  to C -4
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and attached m eth y l  group). T he fragm en t ion  at m / e  115 i s  a l s o
in d ica t iv e  of a m eth y l s id e  chain  at C -4 ,
E v id en ce  fo r  the 8 -m e th y l  substituent i s  a fforded  by the
fra g m en t  io n s  at m / e  157 and 185, The ion  at m / e  185 u n d e rg o es
a s e r i e s  of fr a g m e n ta t io n s  to p rod u ce  io n s  at m / e  153 ( lo s s  of
CH^OH) and m / e  135 (further l o s s  of w a ter ) .
F r a g m e n t  ion s  at m / e  227 and 255 a re  e v id e n c e  fo r  a 1 2 -m e th y l
su bstitu en t.  T he in t e n s i t ie s  of th o se  two p eak s  a r e  low  and equal
114a s  o b serv ed  by C a so n  and G raham  , T he ion  at m / e  255 l o s e s  
m eth ano l to prod u ce  ion  at m / e  223 , w hich  s e q u e n t ia l ly  l o s e s  w a ter  
to g ive  ion  at m / e  205 .  The m a s s  sp ec tru m  i s  shown on page  14 5.
It i s  concluded th e r e fo r e  that th is  e s te r  i s  m e th y l  4 , 8 ,  12- 
t r im e th y l tr id e c a n o a te .
e) S tru ctu ra l id en t if ica t io n  by glc
Glc a n a ly s i s  on p o la r  and n o n -p o la r  p h a s e s  w a s  the second
technique u sed  in the s tru c tu ra l  d e term in a t io n  of the P  a c id s .  T he
115E C L  of b ra n ch ed -ch a in  a c id s  have b een  rep o r te d  by J a m ie s o n  
F r a c t io n s  in w hich  a re  co n cen tra ted  the p h y to l-b a se d  a c id s  con ta in  
th ree  m ajor  com p on en ts  ( A ,C ,D )  and one m in o r  com ponent (B) .with  
the EC L ind icated  b e lo w , on ApL and SP 2340  c o lu m n s .
ApL (200°)  
SP 2340  (185°)
for  P j ^  (m eth y l 4 ,  8, 1 2 - tr im e th y ltr id e c a n o a te ) ,  (m eth y l 5, 9, 13-
tr im e th y lte tr a d e c a n o a te ) , P^g (m eth y l 2, 6 , 1 0 , 1 4 - te tr a m e th y lp e n ta -  
d ecan oate) ,  and P^^ (m eth y l 3 , 7 ,  11, 1 5 - te tr a m e th y lh e x a d e c a n o a te ) .
A B C D
1 4 .3 5 15. 30 1 6 .4 5 1 7 .5 5
1 4 .1 0 1 4 .7 5 1 5 .6 0 1 6 .9 0
r e e  w e l l  w ith  th ose rep orted  by Douglas 4. l i l t5 e t  a l
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T he EC L a r e  of in t e r e s t  in  that each  e s t e r  h as  a va lu e  m uch  
low er  than that of the stra ight-chain  alkanoate  of eq u iva lent  
m o le c u la r  w e ig h t .  T h is  r e s u l t s  fr o m  the fa c t  that the E C L  
( fra c t io n a l ch a in  length) of branched  m eth y l g ro u p s ,  though it v a r i e s  
so m ew h a t  with the p o s it io n  of b ranched  m eth y l groups in a ca rb o n  ch a in ,  i s  
u n ex p ected ly  low. Ebr exam ple, the  four branched  m eth y l  groups in  I^ganLg^. 
add only  1 .4 1  and 1 .5 0  u n its  r e s p e c t iv e ly  to the ch a in  length  on A pL .
On the S P 2340  co lu m n  th e s e  f ig u r e s  a re  even  lo w er  at 0 .6 0  and 0. 90 
r e s p e c t iv e ly .
On p o la r  s ta t io n a ry  p h a se s  EC L v a lu e s  a r e  a ffec ted  by  
op eratin g  t e m p e r a tu r e  and p o la r i ty  of the s ta t io n a ry  p h a se s^ ^ ^ ’ 
w h ile  on n o n -p o la r  p h a s e s  E C L  v a lu e s  of m u lt i-b r a n c h e d  a c id s  m a y  
be a lte r e d  by the c o n cen tra t io n  of the co m p o n en ts  on the co lu m n .
f) f P j g _ a n d _ ^ p  m e th y l  e ^ e r s
T he iso p r e n o id  e s t e r s  ( P ^ P ^ ^ g  and F^^) w e r e  a ls o  
c h a r a c te r is e d  u s in g  proton  m a g n et ic  r e so n a n c e  s p e c tr o s c o p y .
S a m p le s  w e r e  a n a ly se d  in a B ru k er  360 MHz in s tr u m e n t ,  and the  
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J(1) A ll  t h r e e  s p e c t r a  sh o w  a 3 - p r o t o n  s in g le t  a t  3 . 6 6  
(COOCH„» t;he c a r b o m e t h o x y  g r o u p ) .
i(2) M ethyl s ig n a ls :  th e s e  a r e  a lw a y s  attached  to a CH group and ? 
ap p ear  a s  d o u b le ts .
Pj^^: T h ey  a r e  p a r t ia l ly  su p e r im p o sed  and con fin ed  to the |
0. 8 3 -0 .  87 ^  reg io n  ]
P ,^ :  One doublet i s  sh ifted  to 1, 14 the r e s t  are  in the 0 , 8 2 - 0 .  87 #19 :
r eg io n  w h e r e  they  a p p ear  a s  th r e e  d ou b lets  one of w hich  i s  of 
double in te n s i ty .  T he 1 .1 4  ^ d o u b le t  m ay  r e s u l t  fr o m  the
2 -m e th y l  group.
2 0 " One doublet i s  sh ifted  to 0. 94 <5**(the 3 -m e th y l  group). T he r e s t
g ive  r i s e  to two dou blets  each  of double in te n s ity  in  the  
0. 8 3 -0 .  87 <Tregion ,
T h e s e  r e s u l t s  a r e  c o n s is t e n t  w ith  a m eth y l group on C -2  in P ^ g,  
on C -3  in P ^ g, and in n e ith e r  of th e se  p o s i t io n s  in P^^  ^ (a ttach m en t  
to C -4 i s  not p r o v e d ) .
iT  ' t(3) H ydrogen  atom (s)  attached  to C -2  [n o r m a lly  2 . 2  c/]. In P. |
th is  i s  a c l e a r  sex ten t  ( IH) at 2 .4 4  In P^^ and P^g th is  
a p p ea rs  a s  a m o r e  c o m p le x  s ig n a l at ' ^ 2 . 3  <5T
(4) H ydrogen  a tom (s)  a ttached  to C -3  (n o rm a lly  *""^1.6^ and the 
rem a in in g  CH^ and CH g r o u p s .
A ll  th r e e  sp e c tr a  con ta in  an unexpla ined  (large) s in g le t  at 
1 .5 3  1 .5 3  ^ P ^ ^ )  and 1.54<f^P^^). The p o s s ib i l i t y  of
th e se  s ig n a ls  o r ig in a tin g  fr o m  an im p u r ity  cannot be ru led  out.  
A ll  the s p e c tr a  con ta in  c o m p le x  s ig n a ls  b e tw een  1 .0  and 1 .7  ^  
w hich  m u st  be due to r e s id u a l  CH^ and CH group s but th e s e
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cannot be a s s ig n e d .
2 , 2 . 4  Su m m a ry
T he a s s ig n m e n t  of s tru c tu re  of the i s o p r e n o id s  P^g and
P^o e s t e r s )  w as  b a s e d  on the fo llow in g  e x p e r im e n ta l  ev idence:
(1) The m ethod of is o la t io n  of th e se  P  e s t e r s  (u rea  fract ion ation )  
co n cen tra ted  b r a n c h e d -c h a in  and c y c l ic  e s t e r s  o n ly .  T he la t te r  
w e r e  s u c c e s s f u l ly  and c o m p le te ly  fr e e d  fro m  the fo r m e r  le a v in g  
pure iso p r e n o id  e s t e r  ( > 9 9 %).
(2) T he g lc  b e h a v io u r s  of t h e s e  e s t e r s  (P e s t e r s )  on p o lar  and 
n on -p o lar  co lu m n s  are  c o n s is t e n t  w ith published  d ata , P ^ ^ 1 7 ’ 
P^g and P^Q e s t e r s  w e r e  te n ta t iv e ly  id en t if ied .  T h e ir  EC L b e fo r e  
and a fter  hydrogen ation  rem ain ed  unchanged show ing that th e s e  
e s t e r s  a re  satu rated  com p ou n d s .
(3) T he m a s s  sp e c tr a  of P ^ P ^ g  and P^g showed th e ir  r e s p e c t iv e  
m o le c u la r  w e ig h ts .  The m e th y l  s id e  ch a in s  at v a r io u s  p o s i t io n s  in  
the ch a in  w e r e  e s ta b l is h e d  in each  c a s e  by th e ir  fra g m en ta t io n  
p a tte r n s .
(4) T he proton m a g n e t ic  r e s o n a n c e  s p e c tr a  of the P^g, P^g and P^g 
e s t e r s  f in a l ly  showed th em  to be is o p r e n o id .
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of so m e  of the n a tu ra lly  o c c u r r in g  furanoid  a c id s  a re  su m m a r ise d  
b elow ,
R1À XCH3 [C H 2 l m ^ O ^  [CHzlnCOzH
F E F I F 2 F 3 F4 F5 F 6 F 7 F 8 F 9
r ' H M e H Me Me H Me Me H Me
H Me Me Me Me Me M e M e M e Me
m 5 2 4 4 2 4 4 2 4 4
n 7 8 8 8 10 10 10 12 12 12
The furan r in g  i s  the c h a r a c t e r is t ic  fea tu re  of the furanoid  a c id s  
with the double bonds of the h e te r o a r o m a t ic  r ing  d is t in c t  fr o m  th o se  
of o le f in ic  b on d s.  T h e r e  a r e  at p r e s e n t  two s e r i e s  of th is  acid  
obtained fr o m  f is h  with m =2 or  4 ,  and c h a in - le n g th s  ranging fr o m
^ 2 2 '  furan r ing  in the F E  acid  h a s  no m eth y l su b s t itu en ts ,
w h ile  F  a c id s  fro m  f is h  o i l s  have  one or two m e th y l  su b st itu en ts  on
1
2 . 3  FURANOID ACIDS
2 . 3 , 1  In troduct ion
T he w id esp rea d  o c c u r r e n c e  of furanoid  a c id s  in  f i s h  l ip id s  h a s
26 .ib een  rep orted  and u n eq u iv o ca lly  c o n f ir m e d ,  M o r r is  al  ^ f i r s t  
rep orted  the e x i s t e n c e  of a fa tty  acid  with a furan  r in g .  T h ey  4
is o la te d  and id en tif ied  9, 1 2 -e p o x y o c ta d e c a -9 ,  1 1 -d ien o lc  ac id  (F E ),
f r o m  the seed  o il  of E x o c a r p u s  c u p r e s s i f o r m is .  G la s s  ^  a l la te r
22 23iso la te d  and id en tif ied  a group of e ight re la ted  furanoid  a c id s
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27the r in g ,  A r e c e n t ly  d is c o v e r e d  furanoid  ac id  f r o m  rubber  
la te x  (H evea  b r a s i l i e n s i s )  w a s  id en tif ied  a s  10, 1 3 - e p o x y - 11-  
m e t h y lo c t a d e c a - 10, 1 2 -d ien o ic  acid  ( ie ,  id e n t ic a l  w ith F 2 ) .
23S in ce  the d i s c o v e r y  of furanoid  a c id s  in f i s h  o i l s  by G la s s  ^  ^
in te r e s t  in th e s e  n o v e l  a c id s  h as  b een  shown by a num ber  of w o r k e r s .
24Gun stone and W ijesu n d era  , hav ing  su rv ey ed  th e  e x i s t e n c e  and
d is tr ib u t io n  of furanoid  a c id s  in  s e v e r a l  s p e c ie s  of f is h ,  reported
that furano id  a c id s  in the l i v e r  of th e s e  f i s h  e x is te d  at a l e v e l  of
1 to 4% with the F 6  (C^^) ac id  u su a l ly  dom inant. T h e y  o b se r v e d  a
m ark ed  in c r e a s e  in  the p rop ortion  of furan  a c id s  in  s tarved  cod l i v e r
l ip id s .  In  a quantitative  a n a ly s is  of furanoid  a c id s  in cru d e  and
25refined  cod  l iv e r  o i l ,  S c r im g e o u r  found that th e s e  a c id s  w e r e
p r e s e n t  at a l e v e l  of 1% or l e s s ,  a f ig u re  s im i la r  to that rep orted
by Gun stone et a l^ ^ .
I so la t io n  and id en t if ica t io n  of furanoid  a c id s  fr o m  f is h  o i l s  and
other  s o u r c e s ,  have been  c a r r ie d  out u s in g  d if fe r e n t  a p p r o a c h e s ,
23G la ss  ^  ^  sep a ra ted  the l ip id s  into c l a s s e s  by t ic  ( s i l i c a  g e l  H)
and c a r r ie d  out a lk a l in e -c a ta ly s e d  e s té r i f ic a t io n  of each  c l a s s .
A c id - c a ta ly s e d  h y d r o ly s i s  i s  u n d e s ir a b le  b e c a u s e  fu ra n s  m a y  be
un stab le  under acid  c o n d it io n s .  A fter  h yd rogen ation  of the m o r e
23con ven tion a l un sa turated  acid  G la s s  ^  ^  u sed  arg en ta t io n  
ch ro m a to g ra p h y  to s e p a ra te  and en r ich  the fu ra n s  of the N o rth ern  
P ik e  (E so x  lu e i u s ) , T h e s e  r e p r e se n te d  25% of th e  to ta l  l iv e r  l ip id s  
of w h ich 90% of the a c id s  w e r e  bound in  c h o le s t e r y l  e s t e r s .  At  
th e s e  h igh l e v e l s  of o c c u r r e n c e ,  i s o la t io n  and id en t if ic a t io n  of 
th e s e  a c id s  by the m eth o d s  outl ined  above do not p r e s e n t  m uch  
d i f f icu lty .
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S c r im g e o u r  , in  a q uantitative  a n a ly s is  of furanoid  a c id s
in cod l iv e r  o i l ,  “u sed  s i lv e r  ion  t ic  and u rea  c r y s t a l l i s a t io n  with
added squalene as  in tern a l standard . In an other  study of lo n g -
138cha in  furanoid  a c id s ,  W ijesu n d era  u sed  u r e a  c r y s t a l l i s a t io n
fo llow ed  by p r e p a r a t iv e  s i lv e r  ion  t ic  of the m o th e r  l iq u o r .  He
is o la te d  and id en t if ied  F I  to  F 7 ,  o b serv ed  the p r e s e n c e  of FB and
F 9 ,  and su sp ec te d  the p r e s e n c e  o f  sm a ll  q u an tit ie s  of un saturated
22furanoid  e s t e r s ,  w h ich had b een  noted e a r l i e r  by G la s s  ^  .
2 8In a rec en t  paper  by G la ss  jet ^  the furanoid  a c id s ,  F5 and F 6  
w e r e  s y n th e s ise d  fr o m  3 , 4 -b is (a c e to x y m e th y l) fu r a n  and pentanoic  
acid  anhydr ide .
In the  p r e s e n t  study, a d e ta iled  exam in ation  of the furanoid  
a c id s  of cod  l iv e r  o il  w a s  undertak en ,
2 , 3 . 2  I so la t io n
I so la t io n  of furanoid  e s t e r s  w a s  c a r r ie d  out u s in g  u rea  
fra c t io n a t io n , s i lv e r  ion  co lu m n  ch ro m a to g ra p h y  and s i lv e r  ion  
t i c .  M ethyl e s t e r s  w e r e  obtained  by b a s e - c a t a ly s e d  
t r a n s e s t é r i f i c a t io n  of,the cod  l i v e r  o i l ,  A s c h e m e  fo r  the  
sep ara tion  and is o la t io n  of the furanoid  e s t e r s  i s  s im i la r  to that 
in  S c h em e  II, s e c t io n  2 ,2
T he  m e th y l e s t e r s  w e r e  c r y s t a l l i s e d  w ith u r e a  and m eth an o l  
u s in g  2 g of u r e a  p er  g of e s t e r .  T he e s t e r s  rem a in in g  in the  
m oth er  liquor  w e r e  subm itted  to a second  tr e a tm e n t  w ith u rea  
(5 g p e r  g of e s t e r ) .  The second  liquor  w a s  e luted  fr o m  a c o lu m n  
of s i l i c a  conta in ing  s i lv e r  n itr a te ,  with a range of so lv e n ts  of 
in c r e a s in g  p o la r i ty .  T h e  eluted  fr a c t io n s ,  con ta in in g  the  
b ra n ch ed -ch a in  and furanoid  e s t e r s ,  m ad e  up about 15% of the
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second  m o th er  l iq u o r .  P o ly e n e  e s t e r s  w e r e  not r e m o v e d  fr o m  
the co lu m n . B a s e d  on the r e s u l t s  of g lc  a n a ly s is  and quantity of 
e s t e r s  r e c o v e r e d ,  the e luted  m a te r ia l  w as  com b in ed  into four  
f r a c t io n s  ( A '- D ‘) ,  T he  A ’ fra c t io n  w as  applied  to a s i l i c a  co lum n  
and eluted  with s u c c e s s iv e  so lv e n ts  of in c r e a s in g  p o la r ity  (P E I ,
P E 2 ,  P E 5 fo llo w ed  by PE IO , P E 2 0 ,  PESO and d ie th y l e th e r ) .  The  
p r o g r e s s  of e lu t io n  w a s  m o n ito red  by t i c . The bulk of the m e th y l  
e s t e r s  w as  co n cen tra ted  in fr a c t io n s  5 and 6 and la te r  com b in ed  
(T ab le  5), T h is .c o m b in e d  fr a c t io n  con ta in s  m a in ly  p h y to l-b a se d  
e s t e r s  (7 0%) and furanoid  e s t e r s  (22%),
P r e p a r a t iv e  arg en ta t io n  t ic  w a s  em ployed  a s  the n ext p u r if ic a t io n  
step  to se p a r a te  b r a n c h e d -c h a in  e s t e r s  fr o m  t r a c e s  of m o n o e n e s  and 
p o ly e n e s ,  and to  se p a r a te  the P  e s t e r s  fro m  the c y c l i c  furanoid  e s t e r s .  
S a m p le s  of about 50 m g  w e r e  app lied  to each  p la te  (0. 5 m m  th ic k n e ss )  
w h ich w a s  d ev e lo p ed  w ith P E 7 .  5 , An authentic  sa m p le  of phytanate  
e s t e r  helped  to lo c a te  the p o s it io n  of the P  e s t e r s .  C h rom atograp h ic  
a n a ly s is  (glc) show ed  the p r e s e n c e  of sa turated  e s t e r s  and 
h yd rocarb on s  in  band 1, i so p r e n o id  e s t e r s  (99%) in  band 2, furanoid  
e s t e r s  in band 3, and m on oen e  e s t e r s  in band 4 .  T h e  f ina l band s t i l l  
at the point of ap p lica t ion  w a s  p robably  p o ly en e  e s t e r s  and w a s  
d is c a r d e d .
On s i lv e r  ion  tic p la t e s ,  d eve lop ed  with P E 5, PEIO , or  
b e n z e n e /h e x a n e  (1:1) ,  furanoid  e s t e r s  s e e m  r e la t iv e ly  u n re ta rd ed .
T hey  m ig r a te  ju st  ahead of the m o n o e n e s  and so m ew h a t  beh ind the  
saturated  s tr a ig h t-c h a in  and the iso p ren o id  e s t e r s .  The h ig h er  
h o m o lo g u es  of the furanoid  e s t e r s  m o v e  fu r th er  than the lo w e r  
h o m o lo g u e s .  F o r  e x a m p le ,  F I  (C^g) and F 2  (C^g) w e r e  found to
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occupy the sa m e band a s  the m o n o e n e s  w h i le  F 5 (C_,) and F 6
(C^^) inoved  c l o s e r  to the iso p r e n o id  e s t e r s .  T he  glc a n a ly s is
of the furan  band i s  shown in  T a b le  5, F 1 and F 3 ,  p r e s e n t  in
s m a l le r  am ounts  than the r e s t  of the fu ran s  ( F 2 - F 6 ) ,  can  now
be r e c o g n is e d .  T he  to ta l am ount of the furanoid  e s t e r s  r o s e
fr o m  22% to about 62%,
P r e p a r a t iv e  g lc  w a s  f in a l ly  u sed  to i s o la t e  ind iv idu al
furanoid e s t e r s  p r io r  to s tru c tu ra l d e term in a t io n  by m a s s
s p e c tr o m e tr y .  P r e p a r a t iv e  glc w a s  c a r r ie d  out a s  d e s c r ib e d  in
the g en e r a l  e x p e r im e n ta l  s e c t io n  ex cep t  that the oven  te m p e r a tu r e
w as  v a r ied  b e tw een  1 7 0 -1 9 0 ^ 0 ,  The te m p e r a tu r e  of the outlet
tube w a s  se t  at about 2 0 0 °  as  h igh er  t e m p e r a tu r e s  re su lte d  in
d e te r io r a t io n  and l o s s  of furanoid  e s t e r s .  T h is  la t t e r  fa c to r  w a s
m a in ly  r e s p o n s ib le  fo r  the fa i lu r e  to a c h ie v e  n e a r  100% p urity  of
the sep ara ted  c o m p o n e n ts .  H o w ev er  over  85% p u r ity  w as  obtained
in e a ch  of the i s o la te d  co m p o n e n ts .
Som e m in o r  co m p o n en ts  w h ich  could  not be iso la te d  in  pure
fo rm  w e r e  id en tif ied  ten ta t iv e ly  on the a ssu m p tio n  that they  b e lo n g
23to a h o m o lo g o u s  s e r i e s .  G la s s  ^  a l  o r ig in a l ly  id en tif ied  only  
one furanoid  acid  u n am bigu ou sly  (F6) and a s su m e d  that the  
r e m a in d er  had a h o m o lo g o u s  re la t io n sh ip  to th is  a c id .  S om e  
additional s tr u c tu r e s  a r e  c o n f irm e d  in th is  s tudy .
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T ab le  5. C om ponent a c id s  (%, wt) of the furan band (S P 2340 , 185°)
A s s ig n m e n t
C l l  br 0 .3
Isop ren o id  a c id s
P.16 7 - 9
^ 2 0
O ther branched-chaiiTL e s t e r s
C 17 br ch a in  3. 9
C 1 8 b r / 1 8 : l  1 2 .9
C 19  br ch a in  1 ,9
C20 br ch a in  6 .4
F u ran o id  e s t e r s
F I  2 . 8
F 2  1 6 .8
F 3  2 . 8
F4 7 . 5
F 5  9 .7
F 6  2 2 .2
2 . 3 . 3  S tru ctu ra l id en t if ica t io n
a) Id en tif ica t ion  by g lc  b eh av iou r
T en ta t iv e  id en t if ica t io n  of the furanoid  e s t e r s  w as a ch iev ed  by  
glc on p o lar  (SP2340 at 186°) and n o n -p o la r  (ApL at 200°)  c o lu m n s .  
B e fo r e  ch ro m a to g ra p h ic  a n a ly s i s ,  the furan  band w a s  pu r if ied  by 
fu rth er  p r e p a r a t iv e  a rg en ta t io n  t ic  .to co n c e n tr a te  the furanoid  
e s t e r s  s t i l l  m o r e .  The fu ran s  F 8  and F9 w h ich had rem a in e d  
in s ig n if ica n t  then appeared  on the g lc  t r a c e .  On the SP 2340
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c o lu m n  the F 1 - F 9  furanoid  e s t e r  com p on en ts  (ECL 2 0 , 5 - 2 5 . 8 )  
w e r e  w e l l  s e p a r a te d .  On the s a m e  co lum n  under id en t ica l  
co n d it io n s  the m on oen e  standards gave E C L , of 1 6 .6 ,
1 8 .4 ,  2 0 .4  and 2 2 .3  T he F I  e s t e r  co in c id ed  w ith 20:1 , w h i le  
F4 co in c id ed  with 22:1 . A s e r i e s  of e s t e r s  of yet  un id entif ied  
s tr u c tu r e s  o f  E C L  16..7, 1 7 .7 ,  1 8 .8 ,  1 9 .8  and 2 0 . 8 ,  a ccom p an ied  
the furan  band and c o m p le te  sep a ra t io n  of th e s e  e s t e r s  fr o m  the  
furanoid  e s t e r s  w e r e  not obtained by s i lv e r  ion  ch ro m a to g ra p h y .
It i s  im portant that the m o n o e n e s  be e l im in a te d  b e fo re  a ccu ra te  
E C L  of the fu ra n s  a r e  d e te r m in e d .  A s a lr e a d y  m en tion ed , c o m p le te  
e l im in ation  of t h e s e  m o n o e n e s ,  w h ich  co n st i tu te  the m a jo r  c l a s s  of  
the cod l iv e r  o i l  w a s  ach ieved  u s in g  u rea  fr a c t io n a t io n  and 
argen ta tion  ch ro m a to g ra p h y . T he ECL (SP234 0) rep o rted  in th is
study w e r e  in  good a g r e e m e n t  with th o se  p u b lish ed  in the l i t e r a tu r e  on
_ , , 23-25, 117-119  ^ ^  ^ ,o ther  p o la r  co lu m n s  and the o b s e r v e d  v a lu e s  w e r e
re a so n a b ly  c o n s is te n t  o v e r  the p er iod  of study of s e v e r a l  m o n th s .
The furanoid  band w a s  a l s o  a n a ly sed  on ApL co lu m n  (3 .5% ), T h e  
p e r c e n ta g e  c o m p o s it io n  of the v a r io u s  furanoid  e s t e r s  w a s  fa ir ly  
s im i la r  to that obta ined with SP234 0 co lu m n . A ss ig n m e n t  of EC L to 
the v a r io u s  furanoid  e s t e r s  w a s  d iff icu lt  for  the fo llow ing  r e a s o n s .
A n o n -p o la r  co lu m n  su ch  a s  the A pL s e p a r a te s  su b s ta n c e s  m a in ly  
a c c o r d in g  to cha in  len g th . But the furanoid  e s t e r s  m a y  not n e c e s s a r i l y  
be sep a ra ted  a cco r d in g  to cha in  length due to e f f e c t s  of the s u b s t itu e n ts .  
T h e r e  w e r e  no EC L of th e s e  e s t e r s  on n o n -p o la r  c o lu m n s  in  the  
l i t e r a tu r e  fo r  c o m p a r is o n s  to be m a d e .  A s s ig n m e n t  of EC L on ApL  
co lu m n  w a s  th e r e fo r e  b a se d  on p e r c e n ta g e  c o m p o s i t io n  of the c o m p o n ­
en ts  on S P 2340  and A pL c o lu m n s .  T he c h a n g es  in EC L b e tw een  v a r io u s  
furanoid  e s t e r s  on both ApL and SP234 0 w e r e  c o n s i s t e n t  and in
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a cco rd  with the s t r u c tu r e s  a s s i g n e d  by o th e r s  and co n f irm e d  
in  th is  rep ort  by m a s s  s p e c tr o m e tr y .  T he EC L of the furanoid  
e s t e r s  on p o la r  and n o n -p o la r  co lu m n s  a r e  a s  d e ta iled  in T ab le  6,
T ab le  6. EC L of the furanoid  e s t e r s  on SP 2340  and A pL c o lu m n s
10% SP 2340  (186°)  
EC L
3, 5% ApL (200°)  
EC L A s s ig n m e n t
2 0 ,5 1 7 .5 F I
2 1 .3 1 8 .5 F2
2 2 .1 1 9 ,2 F3
2 2 ,5 1 9 .5 F4
2 3 .3 2 0 .6 F 5
2 4 .0 2 1 ,0 F 6
2 4 .4 2 1 ,4 F 7
2 5 .2 2 2 .5 F 8
2 5 .8 2 2 . 8 F9
A s  ex p ec te d  the d if fe r e n c e  in ECL b etw een  h o m o lo g u e s  hav ing
two additional carbon  a to m s  i s  c l o s e  to 2 ,0  (T ab le  7 ), W hen two
e s t e r s  d if fer  through hav ing one or  two m e th y l  grou p s in  the furan
ring the add itional m e th y l group h as  an E C L  (fra c t io n a l  cha in
length) of about 0, 8 on S P 2340  and 0 . 4 - 0 ,  7 on A p L , A s
p r e v io u s ly  noted with the p h y to l-b a se d  e s t e r s ,  b ranched  m eth y l
groups have an E C L  b e lo w  1 , 0 ,  It i s  h o w e v er  notew orth y  that a
synthetic  C^  g 10, 13 - fu r a n  p rep a red  in th is  la b o r a to r y  by G unstone  
118^  sd had s im i la r  E C L  to i t s  m o n o -m e th y l  ana logu e  F 2  (C^ ^^ ) 
and th e s e  two fu ra n s  could  not be sep ara ted  on p o la r  c o lu m n s .
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The f ig u r e s  in T a b le  7 show the d iffer in g  g lc  behav iour  of 
i s o m e r ic  furanoid  e s t e r s ,  A sh ift  of two carb on  a to m s  fr o m  the  
m =2 to m=4 s e r i e s  of com pounds p ro d u ces  a d i f fe r e n c e  of about  
0 ,4  in the E C L . T he o b se r v a t io n  in th is  study i s  in l in e  with
the b road er  study of i s o m e r ic  furanoid  e s t e r s  s y n th e s i s e d  by
T • XT T- . 121L ie  K en J ie  ^  ^  ,
It fo l lo w s  that the g lc  b eh av iou r  of the furanoid  e s t e r s  dep en ds
on the to ta l ch a in - length , the n u m ber of branched  m eth y l grou p s ,
and the p o s it io n  of the h e te r o c y c l ic  ring w ith in  the ch a in .
F r o m  the g lc  b eh av iou r  of the is o la te d  fu ranoid  e s t e r s  on
both p o lar  and n o n -p o la r  c o lu m n s ,  and the EC L of th e s e  e s t e r s ,  it
i s  l ik e ly  they  a r e  furanoid  e s t e r s .  T h e s e  E C L  a r e  c o n s is te n t
w ith and s im i la r  to p u b lish ed  r e s u l t s .  T he id e n t if ic a t io n  of th e s e
e s t e r s  i s  h o w e v e r  ten ta t ive  and m a s s  s p e c tr o m e tr y  of th e s e  e s t e r s
i s  req u ired  to c o n f ir m  th e ir  id en tity .
b) M a ss  s p e c tr o m e tr y
T he  furanoid  e s t e r s  lend  t h e m s e lv e s  to exa m in a t io n  by m a s s  
s p e c tr o m e tr y  s in c e  th ey  g ive  a s im p le  fra g m en ta t io n  p attern .
In addition  to  the m o le c u la r  ion , they  p rod u ce  th r e e  s ig n if ica n t  
io n s  r e su lt in g  fr o m  c le a v a g e  a a n d /o r  b.
CH 3 (CH2)in i
a
M e / H  Me  
CH2 ' ^ 0 ^ C H 2C (C H 2)n  C 02M e  b
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T a b le  7 . EC L in c r e m e n ts  of furanoid  e s t e r s  on S P 2340  and 
ApL c o lu m n s
E C L
(1) H o m o lo g u e s  S P 2340  ApL
E l  -  E4 + 2 . 0  + 2 . 0
F4 - F7  + 1 . 9  + 1 . 9
F 2  - F 5  + 2 . 0  + 2 . 1
F 5  - F 8  + 1 . 9  + 1 . 9
F 3  -  F 6  + 1 . 9  + 1 . 8
F 6  -  F9  + 1 . 8  + 1 . 8
(2) A dd it ional b ran ch ed  m eth y l
F 2  - F3 + 0 . 8  + 0 .7
F 5  -  F 6  + 0 . 7  + 0 . 5
F 8  -  F 9  + 0 . 8 + 0 . 4
(3) I s o m e r s
F 3  -  F4 + 0 . 4  + 0 . 3
F 6  -  F7  + 0 . 4  + 0 . 4
T h e se  fra g m en ta t io n  p a tte r n s  in d ica te  the s tru c tu re  of
th e s e  e s t e r s  v e r y  c l e a r ly ,  e x c e p t  that the p o s it io n  of a s in g le
m e th y l group on the fu ran  r ing  i s  not f ix e d .  T h e  c o n c lu s io n s
23in th is  r e s p e c t  a r e  th e r e fo r e  b a sed  on th ose  of G la s s  et a l  
who obta ined oth er  e v id e n c e  on th is  point.
(i) F 6  e s t e r
T he m a s s  sp e c tr u m  of th is  e s t e r  (page 151) show ed a la r g e  
m o le c u la r  ion  of m / e  364 (64%), a b ase  p eak  at m / e  179 and 
s ig n if ic a n t  p ea k s  at m / e  365 (18%, M+1), 307 (57%, a), and 123
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(21%, furan  fr a g m e n t) .  T h e s e  fr a g m e n ts  show that F 6 h a s  the  
s tru ctu re  ind ica ted  b e lo w . T he ion of m / e  123 r e s u l t s  fr o m  
two fr a g m e n ta t io n s  and m ig r a t io n  of hydrogen  to fo r m  the fu ran  
fra g m en t  in d ica ted  b e lo w .
C H 3 ( C H 2 l 3  
m / e  3 0 7
Me MeTi.CHz C H 2 ( C H 2 ) 9  C O 2 C H 3 
m / e  1 7 9
H i C
Me  Me  
H
m / e  1 23
CH2
(il) F 5 e s t e r
The m a s s  sp ec tru m  of th is  e s t e r  (page 151) con ta in ed  a 
m o le c u la r  ion  of m / e  350 (53%), a b a se  peak  at 165, and 
c h a r a c te r i s t ic  p ea k s  at m / e  293 (17%, a) and 109 (19%). T he  
fra g m en ta t io n  of F 5  e s t e r  i s  shown o v e r le a f .
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C H 3 ( C H 2 ) 3
m / e  2 9 3 m /e  1






m / e  1 0 9
(u i) .F3  and F4 e s t e r s
The p r e p a r a t iv e  glc co lu m n  em p loyed  (ApL) sep a ra ted  the F  
e s t e r s  a c c o r d in g  to ch a in  length , and both F 3  and F4 w e r e  c o l le c t e d  
a s  a s in g le  co m p o n en t .  The sep a ra t io n  b etw een  th e s e  two did not  
im p ro v e  by lo w e r in g  co lu m n  te m p e r a tu r e  a n d /o r  flow  ra te  of the  
c a r r ie r  g a s .
T he  two e s t e r s  w e r e  la t e r  r e s o lv e d  by a G C -M S tech n iq u e .
1 , F4 e s t e r
. T h e  m a s s  sp e c tr u m  of th i s  e s t e r  (page ]50) d isp la y ed  a 
m o le c u la r  ion  of  m / e  336 (47%) and an M+1 ion a t  m / e  337 (10%).
T he  b a s e  peak o c c u r r e d  at m / e  151 and c h a r a c t e r is t ic  io n s  at 
m / e  307 (42%) and 123 (18%). The fra g m en ta t io n  p attern  i s  shown  
on page 62.
2 .  F 3  e s t e r
T h e  m a s s  sp e c tr u m  of th i s  e s t e r  (page I 5 Q) show ed  a la r g e  
m o le c u la r  ion  at m / e  336 (47%), a b a s e  peak at m / e  179 and
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C H 3 C H 2
Me Me
y t
C H 2 - ^ O ^ C H 2
m / e  3 0 7
( C H 2 ) 9  C O 2 C H 3 
m / e  151
Me Me  
H
m / e  12 3
c h a r a c te r is t ic  io n s  a t  m / e  279 (41%) and 123 (19%). The
fra g m en ta t io n  pattern  i s  shown b e lo w .
M e
m / e  1 7 9m / e  2 7 9
i e  Me
s .
m / e  1 2 3
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F 2 e s t e r
T he m a s s  sp e c tr u m  of the F 2  e s t e r  (page 14 8) showed a la r g e  
m o le c u la r  ion  of m/e 322(57%), a b a se  peak at m/e 165(b) and peak s  at M+1 
(12%), m/e 265(22%,a) and m/e 109 (22%, a -a lk y l  e s t e r ) .  T h e s e  
fr a g m e n ts  show that F 2  h a s  the s tru ctu re  in d ica ted  b e low .
C H 3 ( C H 2 )  3
H Me  
C H 2  CH2
m / e  2 6 5
1CH2 1 7 CO2 CH3
m / e  1 6 5
H Me
CH2
m / e  1 0 9
T he m a s s  sp e c tr a  of the F  e s t e r s  ( F 2 - F 6 ) ,  so far  d i s c u s s e d ,
23are  s im i la r  to th o se  rep orted  e l s e w h e r e  . T he  c h a r a c te r i s t ic  
io n s  in  the m a s s  s p e c tr a  of the furanoid  e s t e r s  (F 2 -F 6 )  a r e  
su m m a r is e d  in tab le  9.
E s t e r s  F I ,  F 7 ,  FB and F 9  p r e s e n t  at low  l e v e l s  w e r e  not  
in d iv id u a lly  i s o la t e d .  T h e r e fo r e  on ly  ten ta t ive  id en t if ica t io n  by  
glc on p o la r  and n o n -p o la r  co lu m n s  i s  p o s s ib l e .
2,3,4 GC -M S s tu d ie s  of a furan  band
A t a la te r  date it b e c a m e  p o s s ib le  to m ak e  a GC - MS study  
of the furan e s t e r s  u s in g  a 25 m  S i lar  5C P c a p i l la r y  co lu m n  linked  
to the m a s s  s p e c tr o m e te r .  S p ec tra  w e r e  r e c o r d e d  at  70 ev on
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native  e s t e r s  and on th e ir  p erh y d ro  d e r iv a t iv e s .  A dopt ion  of 
GG-MS s tu d ie s  of the iso la te d  furan  band w as  n e c e s s a r y  for  the  
fo llow in g  r e a s o n s .  The e a r l i e r  m ethod u s in g  co lu m n  glc  (ApL) 
a fter  p u r if ic a t io n  by p r e p a r a t iv e  glc fa i led  to i s o la t e  so m e  of  
the ind iv idual furanoid  e s t e r s  p r e s e n t  at low  c o n cen tra t io n .  
M ore im p ortan t,  c e r ta in  e s t e r s  of u n fa m ilia r  E C L  could not be 
id en tif ied  by th e ir  E C L  a lo n e .  T he GC - MS (c a p i l la r y )  m ethod  
th ere fo re  s e e m e d  the ob v iou s  techn ique to u s e  to  i s o la t e  and 
id en tify  the v a r io u s  c o m p o n e n ts .
a) Ipo latm n
Iso la t io n  of part of the furan  band w as  c a r r ie d  out a s  show n  
b e lo w .
A g C C F 2 ( 1 . 4  g)
Ag*^tlc ( 1 . 0  m m  th ic k n e ss )
(200 m g /p la te )I r
B 4 . 3  
(10 mg)
(trace)
TB5 B4 B 3
(80 m g) (34 0 m g) (630 mg)
“ TB2  
(1 nig)
A g^tlc  ( 0 . 5  m m  th ick n ess )  
(8 5 -1 0 0  m g /p la te )
I 1
B 4 . 2  
(150 mg)
B 4 . 1  
(45 mg)
A g^tlc  ( 0 , 5  m m  th ick n ess )
4»
. 2 . 3  B4 . 2 . 2  B4 . 2.  1
(130 mg)i ( tra ce )G C -M S (C ap i l lary)  




+F r a c t io n  A g C C F 2 , a s  outlined in  s e c t io n  2 . 4 ,  S c h e m e  IV,  
obtained by a co m b in a t io n  of u r e a  fra c t io n a t io n ,  s i lv e r  ion  
ch rom atograp h y  (co lum n) and co lu m n  ch ro m a to g ra p h y  ( s i l i c a ) ,  
w as fu r th er  sep a ra ted  on s i lv e r  ion  tic  p la te s  d ev e lo p ed  in P E 7 , 5  . 
C hrom atograph ic  a n a ly s i s  (g lc) showed the p r e s e n c e  of h y d ro ca rb o n s  
in  band 1, sa turated  e s t e r s  in band 2, i so p r e n o id  e s t e r s  in band 3, 
a m ix tu r e  of u n fa m il ia r  e s t e r s  and so m e furanoid  e s t e r s  in band 4 ,  
w h i le  band 5 conta in ed  m a in ly  furanoid  and s o m e  m on oen e  e s t e r s .
Band 4 w as  subjected  to fu r th er  p r e p a r a t iv e  s i lv e r  ion  t ic  to 
g iv e  f i r s t  band 4 , 2  and then band 4 , 2 , 2  . T h is  w a s  f in a l ly  subjec ted  
to a GC-M S study (T able 9). The glc c o m p o s it io n s  of bands 4 . 2  
and 4 , 2 . 2  a r e  su m m a r is e d  in T a b le  8.
An al iquot of band B 4 . 2 . 2  w a s  h ydrogen ated  em p loy in g  10% 
p a llad ium  on c h a r c o a l  and the perh yd ro  product w a s  a n a ly se d  on 
SP 2340  (T ab le  7).
b) C h a r a c te r isa t io n  of furanoid  e s t e r s
GC-M S study of the B 4 . 2 . 2  e s t e r  band show ed  th is  to c o n s i s t  
of sa turated  b r a n c h e d -c h a in  e s t e r s  ( s e e  s e c t io n  2 . 2 ) ,  un saturated  
b ra n ch ed -ch a in  e s t e r s  ( s e e  s e c t io n  2 . 4 )  and a s e r i e s  of furanoid  
e s t e r s .  T h e s e  a r e  c o n s id e r e d  to have the s t r u c tu r e s  l i s t e d  in  
T ab le  9 on  the b a s i s  of the m o le c u la r  and fra g m e n t  io n s .  Tw o  
unidentified  furanoid  e s t e r s  ( m a s s  s p e c tr a ,  p a g e s  148 and 149) m a y  
be o le  fin ie  com p ou n ds c o r r e s p o n d in g  to th o se  a lr e a d y  su sp e c te d  
to o c c u r  in f i s h  o i l s  (G unstone et a l^ ^ , G la s s  et al^^).
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T ab le  8 . C om ponent a c id s  (% wt) of bands B 4 . 2 ,  B 4 . 2 . 2
and p erh yd ro  d e r iv a t iv e  of B 4 . 2 . 2  (S P 2 3 4 0 , 185°)
A ss ig n m e n t B 4 .2 B 4 . 2 . 2  B 4 . 2 . 2  (p erh yd rod er iv a t iv e )
12: 0 - tr a c e tr a c e
P .  . 2 .7 1 .9 4 . 316
P__ 0 . 517
C IS br 0 .4 0 . 8 -
^ 1 9 0 .7 - 0 . 2
16:0 br - 1 . 0 2 8 .2
C 16 br 0 . 9 1 . 6 -
16 :1/C 16 u n sa t .  br 1 .5 3 . 6 -
P , 0 / 1 7 : 0 b r 4 . 7 - “
C17 br 0 . 9 0 .4 -
C18 br - ■ -  . 2 . 9
18:2 b r 2 3 .1 2 2 . 2 -
C19 br - - 0 . 8
19: 2  br 3 . 0 1 .4
2 0 : 0  br 1 .5 0 .5 3 .5
2 0 : 2  br 1 1 .7 4 . 5 -
0 2 0  u n sa t .  br - - 7 . 3
F I - - 1 . 9
F2 2 3 .3 2 1 . 6 2 2 .7
F3 1 . 6 2 .7 6 . 0
F4 1 2 .4 13 .4 15 .7
F 5 6 .9 7 . 0 0 . 6
F 6 4 . 7 1 5 .1 5 . 8
F7 ? - 1 . 1 -
FB ? - 0 .7 -
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2 . 3 , 5  B io sy n th e t ic  sp ecu la t io n
T h e r e  i s  no co n v in c in g  ex p e r im e n ta l  ev id e n c e  c o n cer n in g  the
b io s y n th e s is  of furanoid  a c id s  now d is c o v e r e d  in  the p lant and
, . 122 -1 3 0a n im al k ingdom  though th e r e  h a s  b een  som e sp ecu la t io n s
131w h ich in clude the dehydrat ion  of end ope r o x id es  and photo-
132ox idation  of l in o le a te  . R e la t in g  the p o s it io n  of the furan  ring  
to the end m e th y l  group then the furanoid  a c id s  belong  to the n -4 ,  
n - 6  and n - 7  s e r i e s  and it  i s  p o s s ib le  that th e se  a re  d er iv ed  fr o m  
the A 9 , 12 d ie n e s  of and C^g a c id s  a s  in  the fo llo w in g  sch em e:
o x id ise d  d e r iv a t iv e
c y c l i s a t io n
C H 3 ( C H 2 ) 4 ' ' ' ^ ^ ^ ( C H 2 ) 0 C O O H  " e x te lZ lo n  h ig h e r  h o m o lo g u e
m é th y la t io n
Me
C H 3 ( C H 2 ) 4 ' ' ^ 0 ^ ( C H 2 ) 6  COOH
m éth y la t io n
cha in
e x te n s io n
m éth y la t io n
h ig h er  h om ologu e
m éth y la t io n
Me Me
r i cha inC H 3 ( C H 2 ) 4 A q X ( C H 2 ) 8  COOH “ E x te n sio n  » h ig h e r  h o m o lo g u
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2 .4  OTHER BR A N C H ED -CH AIN  ACIDS
2 . 4 . 1  In troduct ion
T he d is c o v e r y  and c h a r a c te r is a t io n  of an un saturated  b ra n ch ed -
133cha in fatty  acid  in f is h  l ip id s  w a s  f i r s t  rep orted  by Sano who
is o la te d  7 - m e t h y lh e x a d e c - 6 - e n o ic  acid  fro m  w hale o i l .  A ck m an  
134^  ^  found the sam e acid  to be a m in or  com p on en t in the l ip id s
of m a r in e  a n im a ls  and a l s o  id en tif ied  7 -m e th y lh e x a d e c - 7 - e n o ic  and
1355 - m e t h y l t e t r a d e c - 4 -e n o ic  a c id s  in  the sp erm  w hale  , R e c e n t ly
P e a r c e  and S t i l lw ay  i so la te d  and id en tif ied  7 -m e th y lh e x a d e c - 7 -
enoic acid  fr o m  the sp a d e fish  l i v e r  o il .
The o c c u r r e n c e  of t h e s e  unusual fatty  a c id s  i s  not confined  to
137aquatic s o u r c e s .  G e r s o n _ e t ^  r e c o g n ise d  11 -m e th y lo c ta d e c - 11 -  
enoic  am ong other  b r a n ch ed -ch a in  a c id s  fr o m  the l ip id  of R h izob iu m  
cu ltured  under c o n tro l led  c o n d it io n s .
T he  o r ig in  of th e se  unusual a c id s  in  aquatic a n im a ls  i s  not c l e a r .  
A ckm an e t  a l ,  h o w e v er ,  have s u g g este d  that the o c c u r r e n c e  of 7 - m e t h y l ­
hexad ec  - 7 - en o ic  acid  f r o m  the S unf ish  M ola m o la ^ ^  ^ (L in n a e u s ) ,
138 139m a r in e  tu r t le s  and j e l l y  f ish  m a y  be d ie ta ry ;  w h i le  K a r ls s o n
140 have su g g e s te d  that s o m e  u n usu a l fatty  a c id s  f r o m  m a r in e
o r ig in  m a y  a r i s e  fr o m  an un usu al d iene sp h in g o s in e  d e r iv a t iv e  by
m eta b o lic  c o n v e r s io n .  T h ey  id en tif ied  th is  b a s e  a s  D - e r y th r o -  1, 3-
d ih y d r o x y -2 -a m in o -  9 - m e t h y l - t r a n s - 4 , t r a n s -  8 -o c ta d e c a d ie n e ,
T h e s e  un satu rated  b ra n ch ed -ch a in  fatty  a c id s  are  i s o la te d  by
tech n iq u e s  s im i la r  to th o se  u sed  for  the is o la t io n  of o ther  b ra n ch ed -
133cha in a c id s ,  Sano u sed  u rea  fra c t io n a t io n , fr a c t io n a l  d is t i l la t io n ,
a second  u rea  fra c t io n a t io n  and co lu m n  ch ro m a to g ra p h y  on AgNO ^-
134 135■^^2^3* -Ackman and P a s c a l  and A ck m an  adopted u rea
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fra ct io n a t io n , s i lv e r  ion  tic  of the m oth er  l iqu or  and p r e p a r a t iv e  
g lc .  -
T he p r e s e n c e  of th e se  unusual a c id s  in  m an y  aquatic s o u r c e s  
prom pted  the s e a r c h  for  s im i l a r  a c id s  in cod l iv e r  o i l .
2.4.2 I so la t io n  of a c o n cen tra te  of b ra n ch ed -ch a in  a c id s  fo r  GC-M S  
exa m in a tio n
(a) I so la t io n  of co n cen tra te
In th is  p r o je c t  is o la t io n  of unsaturated  b r a n c h e d -c h a in  e s t e r s  
w as c a r r ie d  out em p lo y in g  u rea  fra c t io n a t io n ,  s i lv e r  ion  co lum n  
ch ro m a to g ra p h y  and argen ta tion  t ic .  D e ta i l s  of the is o la t io n  
p r o c e d u r e  a re  outlined  in  s e c t io n  2 . 2  page 39, s c h e m e  III. The  
m o th er  l iquor (AgCCF^) w a s  subm itted  to a s e r i e s  of s i lv e r  ion  
t ic  sep a ra t io n s  to obtain a band F 4 . 2 . 2  as  shown in s e c t io n  2 . 3 . 4
(a), page 64.
Band F 4 . 2 . 2  co n ta in s  furanoid  e s t e r s  and s o m e  u n saturated  
b ra n ch ed -ch a in  e s t e r s  ( s e e  T a b le  8 , s e c t io n  2. 3). N otab le  a m o n g st  
t h e s e  i s  a s e r i e s  of e s t e r s  of u n fa m ilia r  EC L v a lu e s  w h ich d if fer  
by one E C L  un it. On a p o lar  co lu m n  (SP2340) e s t e r s  of E C L  18. 8 , 
1 9 . 8 and 2 0 . 8 , p red om in ated  o v e r  other b r a n c h e d -c h a in  e s t e r s .  
A ttem p ts  to f r e e  th is  band of the furanoid  e s t e r s  w e r e  u n s u c c e s s f u l .
(b) GC c q n c e n t ^ ^ e _ ( b ^ ^ F ^
A GC -M S study of the co n c e n tr a te  (band F 4 . 2 . 2 )  a fter  
hyd rogen ation  w a s  c a r r ie d  out u s in g  a 25 m  S i la r  5C P c a p i l la r y  
co lu m n  linked  to  the m a s s  s p e c tr o m e te r .  The study p rovided  
sp e c tr a  of 16 co m p o n e n ts .  The f i r s t  sev en  w e r e  found to be m ono  
or d im eth y la lk a n o a te s  and the rem a in d er  proved  to be h ydrogen ated  
furan  e s t e r s .  Of the s e v e n  s p e c tr a  re la t in g  to the o p e n -c h a in
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com pou nds, the la r g e s t  p ea k s  co r r e sp o n d e d  to m eth y l e s t e r s  of  
7 -m e th y lh e x a d e c a n o ic  and 7, 9 -d im eth y Ih e x a d e ca n o ic  a c id s .  T h e s e  
w e r e  p r e c e d e d  by m e th y l  4 ,  8 , 1 2 - tr im e th y ltr id e c a n o a te  ( s e e  se c t io n  
2 . 2 ,  page 45), 5 -m e th y lte tr a d e c a n o a te ,  5 , 7 -d im e th y ltr id e c a n o a te  
and 5, 7 -d im e th y lte tr a d e c a n o a te ,  and fo llow ed  by m eth y l  9 - m e t h y l - 
o cta d eca n o a te ,  7 ,  9 -d im e th y lo c ta d e c a n o a te  and 9, 1 1 -d im e th y lo c ta -  
d e c a n o a te .
M a s s  sp e c tr u m  26 (page 155) show s a m a jo r  m o le c u la r  ion  at 
m / e  256 and s m a l le r  s ig n a l  at m / e  270 , The s p e c tr u m  r e la t e s  
m a in ly  to m eth y l 5 -m e th y lte tr a d e c a n o a te  along w ith 5, 7 - d im e t h y l ­
t r id e c a n o a te .  T he s tru c tu re  of the m ajor  co m p on en t i s  b ased  on the 
m o le c u la r  ion  ( m / e  256),  the b a se  peak at m / e  74 and s ig n if ica n t  
io n s  of m / e  241 (M -1 5 ) .  227 (M -2 9 ) ,  213 (M -4 3 ,  206 (M -50) and 
180 (M -7 6) .  F r a g m e n t  io n s  of m / e  101 and 129 (w h ich l o s s e s  32 
atom ic  m a s s  u n its  to g ive  an ion  at m / e  97) in d ic a te  the p r e s e n c e  of 
a m eth y l s id e  cha in  at C - 5 .
M a ss  sp e c tr u m  27 (page 156) sh ow s a m a jo r  m o le c u la r  ion at 
m / e  270 and a m in o r  s ig n a l at m / e  256 . The sp e c tr u m  r e la t e s  
m a in ly  to m eth y l 5, 7 -d im e th y lte tr a d e c a n o a te .  The s tru c tu re  i s  
based  on the m o le c u la r  ion  (270), the b a se  peak  at m / e  74 and 
s ig n if ic a n t  io n s  at m / e  255 (M -1 5 ) ,  227 (M -4 3), 220 (M -50) and 
194 (M -7 6 ) .  F r a g m e n t  io n s  at m / e  101, 129, 143 and 171 each  
of w h ich l o s e s  32 a tom ic  m a s s  u n its  to g ive  io n s  at m / e  69, 97, 111 
and 139 r e s p e c t iv e ly ,  in d ica te  the p r e s e n c e  of m e th y l  s id e  ch a in s  
at C -5  and C - 7 .  T h is  i s  c o n f irm e d  by the k e te n e  io n s  at m / e  121 
and 139.
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M a s s  sp ec tru m  28 (page 157) show s m o le c u la r  io n s  at m / e  284 
(m ajor) and m / e  298 (m in o r) .  T h is  fra c t io n  i s  m a in ly  7 -m e th y l -  
h ex a d eca n o a te  b ased  on the m o le c u la r  ion ( m /e  284),  b a s e  peak  
( m /e  74 ) ,  the secon d  la r g e s t  p eak  ( m / e  87) and fra g m en t  io n s  of 
m / e  129 and 157 each  of w h ich  lo s e  32 a tom ic  m a s s  u n its  to g ive  
io n s  of m / e  97 and 125 r e s p e c t iv e ly .
M a s s  s p e c tr u m  29 (page 157) d isp layed  a m o le c u la r  ion  at m / e  
298 . The fra g m en t  io n s  at m / e  129 and 157 each  of w h ich l o s e s  32 
atom ic  m a s s  un its  to g iv e  io n s  at m / e  97 and 125 r e s p e c t iv e ly  
in d ica te  a m e th y l s ide  cha in  at C - 7 .  O ther fra g m en t  io n s  at m / e  
171 and 199 w h ich in turn lo s e  32 a tom ic  m a s s  u n its  to g ive  io n s  at 
m / e  139 and 167 r e s p e c t iv e ly ,  in d ica te  a C -9  m e th y l s ide  ch a in .
The s p e c tr u m  i s  that ex p ec ted  of a m eth y l  7, 9 -d im e th y lh e x a d e c a n o a te .
M a s s  sp e c tr u m  30 (page 158) sh ow s m o le c u la r  io n s  of m / e  312 
and 326 with the la t te r  b e in g  the m ajo r  com p on en t.  T he m in o r  
com ponent p r o d u c e s  fra g m en t  io n s  w h ich show it  to be 9 -m e th y lo c ta -  
d eca n o a te .  T h e  9 -m e th y l  su bst itu en t  .is  in d ica ted  by fra g m en t  io n s  at 
m / e  157, 158 and 159 and at m / e  185, 153 (185 -3 2 )  and 135 (1 5 3 -1 8 ) .  
The m a jo r  com p onen t (M, 326) w ith m e th y l s id e  ch a in s  at C -7  and C -9  
i s  co n f irm e d  by c h a r a c t e r is t ic  k e te n e  io n s  at m / e  135 and 153 and i s  
th e r e fo r e  a m eth y l  7 , 9 -d im e th y lo c ta d e c a n o a te .
M a s s  sp e c tr u m  31 (page 159) show s a m o le c u l a r  ion of m / e  326  
and r e la t e s  to m e th y l  9, 11 -d im e th y lo c ta d e c a n o a te .  T he b a se  peak  
o c c u r r e d  at m / e  74 and s ig n if ic a n t  io n s  w e r e  o b se r v e d  at m / e  87, 101, 
115, 129, 130 and 143, C h a r a c te r is t ic  fr a g m e n ts  at m / e  157, 185,
199 and 227 each  of which lo s e  32 atom ic  m a s s  u n its  to g ive  io n s  of 
m / e  125, 153, 177 and 195 r e s p e c t iv e ly ,  in d ica te  the p r e s e n c e  of  
m eth y l  s id e  ch a in s  at C -9  and C - 1 1 ,
72 (a)
T he sep a ra t io n  of th e s e  m e th y l- s u b s t i tu te d  i s o m e r s  on the  
S i la r  5CP c a p i l la r y  co lu m n  h as not b een  c o m p le te .  In m o s t  
c a s e s  the sp ec tru m  in d ic a te s  the p r e s e n c e  of two c o m p o n en ts  w ith  
m o le c u la r  w e ig h ts  d i f fer in g  by 14 a tom ic  m a s s  u n its  su g g e s t in g  
that e s t e r s  w ith one m e th y l subst ituent a re  e lu ted  co in c id e n t ly  
w ith th o se  with two m e th y l  su b st itu en ts .  H o w ev er ,  the d e ta iled  
glc behav iou r of m o n o m e th y l-  and d im e th y l- su b s t i tu te d  e s t e r s  
on S i la r  5GP co lu m n  i s  not know n.
A su m m a r y  of the r e s u l t s  of the GC-M S study of the 
hydrogenated  c o n c e n tr a te  (band F 4 . 2 . 2 )  i s  shown in  T a b le  10.
c) GC_-MS ofJ:he_coim e n ^ a t^  _F4
T he GC -M S study of band F 4 . 2 . 2  gave  the m a s s  sp e c tr a  
3 2 -4 6  (p a g es  1 6 0 -1 6 7 ) .  A s exp ec ted  it w a s  not p o s s ib le  to 
id en tify  the p o s it io n  of the double bond(s) in  t h e s e  e s t e r s  b e c a u s e  
the un saturated  c e n tr e s  a r e  la b i le  under e le c tr o n  bombardment^^  ^
It i s  h o w e v er  p o s s ib l e  to d e te r m in e  the d e g r e e  of un saturation  
fr o m  the m o le c u la r  ion  and to c o r r e la t e  th is  w ith the r e s u l t s  
obtained on th e  h yd rogen ated  sa m p le  (tab le  10 ).
Of th e s e  b r a n c h e d -c h a in  e s t e r s  th ose  b a sed  on 7 -m e th y lh e x a -  
decanoate  and 7 ,  9 -d im eth y lh e x a d e c a n o a te  a r e  the m a jo r  
c o m p o n en ts .  It h a s  b een  p o s s ib l e  to obtain a c o n c e n tr a te  of  
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2.4,3 I so la t io n  and c h a r a c te r is a t io n  of U 1
a) I so la t io n  of a co n c e n tr a te  of U1
The c o n cen tra t io n  of U i  (5.6%) p r e s e n t  in  f r a c t io n  A gC C F 2  
w a s in c r e a s e d  by the is o la t io n  p ro ced u re  outlined  in  S ch em e IV .
The e s t e r s  p r e s e n t  in  AgCCFZ ( 3 ,5  g, s e c t io n  2 . 2 ,  S ch em e  III) 
w e r e  e luted  fro m  a 30% s i lv e r  ion  co lum n (52 x  9. 5 cm) with P E 5  
(100 m l ,  1 m g ) ,  a 1:1 m ix tu r e  of b e n z e n e -h e x a n e  (100 m l ,  2*48  g) 
and ether (100 m l ,  200 mg) ( s e e  T ab le  11).
The F 2  m e th y l  e s t e r  ( U l ,  6,5%) w as then sep a ra ted  on 20% 
s i lv e r  ion  t ic  p la te s  ( 1 . 0  m m  th ic k n e s s ,  2 0 0  m g /p la te )  by d ev e lo p m en t  
w ith P E 5 ,  The f a s t e s t  m o v in g  band (B 1) conta ined  m a in ly  P  e s t e r s ,  
B2 conta ined  furanoid e s t e r s  and P ^ w h i l e  B3 contained  U l  (43 ,3% ),  
T h is  m a te r ia l^ l00 m g /p la t e ,w a s  reapp lied  to a 20% s i lv e r  ion tic  
pla te  ( 0 .5  m m  th ick n ess )  and deve lop ed  in b en zen e  fo llow ed  by a 
second d ev e lo p m en t  in  the sa m e d irec t io n  with c h lo r o fo r m /m e th a n o l  
(99:1, v / v ) .  F iv e  d if fere n t  bands w e r e  ob ta in ed . The c o m p o s i t io n  of 
bands B 3 .1  and B 3 . 2  are  outlined  in T ab le  11, Band B 3 .3  conta ined  
m a in ly  furanoid  e s t e r  ( F 6 , 85%). The B 3 .4  band w a s  in s ig n if ic a n t  
and band B 3 .5  (near to point of application) w a s  d is c a r d e d .
The B 3 , 1 band w a s  f in a lly  su bjected  to p r e p a r a t iv e  glc on an ApL  
co lu m n  (3,5%) a s  a lr e a d y  d e s c r ib e d  to g ive  a sa m p le  of U l  ( 8 8 % pure  
by glc) w h ich w a s  u sed  fo r  fu r th er  c h a r a c te r is a t io n ,
b) G a j  c hrjpmatqgraph ic beh av iou r
T he m e th y l e s t e r  of U l  ( 8 8 %) gave an E C L  of 1 8 ,8  (S P 2 3 4 0 , 1 8 ^ ) .  
A fter  h yd rogen ation  it  showed a double peak w ith E C L  of 16, 1 and 1 6 ,3  
T he  change in ECL fr o m  1 8 ,8  to 1 6 , 1 / 1 6 . 3  on h yd rogen ation  i s  m o r e
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than u su a l for  a m e th y le n e -In te r r u p te d  d ien e  s y s t e m  (ca .  1 , 3 - 1 , 5 ) .  
T he sep a ra t io n  of the e s t e r  into a double p eak  after  h ydrogenation  
m a y  be due to the p r e s e n c e  of d ifferen t  d i a s t e r e o i s o m e r s , F u r th e r  
id en tif ica t io n  of U1 on the b a s i s  of the g lc b eh av iou r  w as not
115p o s s ib le  b e c a u s e  th e s e  unusual E C L  did not f it  with J a m i e s o n ’s 
re ten tion  data .
T ab le  11, C om ponent a c id s  (%, wt) of f r a c t io n s  F 2 ,  F 3 and 
s u b - fr a c t io n s  B 3 , 1 and B 3 .2  (S P 2340 , 185^),
A ss ig n m e n t  F 2  F 3  B 3 .1  B 3 ,2
br 1 2 ,0  1 .8  3 .2  1 .2
0 . 8  1 5 .6  -  2 0 .8
G ^ ^ b r  1 . 1
P j^  1 1 . 0  - 2 . 9  2 3 ,6
P^Q 3 2 .0  1 8 .9  7 . 5
C^y br -  9 .7  -  1 1 ,3
br un sa turated  0 . 6  7 . 2  1 , 6  6 . 0
br 0 .4  -  -
G^g br u n sa tu ra ted  - 1 8 .4  - 2 4 .0
G  ^ _ br unsaturated  6 .5  - 4 7 . 6
( U l )
Gj^  ^ br un saturated  -  9 . 6
G br u n sa tu ra ted  0 . 8  5 .2  4 .  1 7 , 5
(diene)
G__ br u n sa tu ra ted  1 . 8  - 7 . 2
^  (diene)
F u rano id  e s t e r s  (34 . 1) 1 3 ,6  24 . 8 5 , 6
(F 1 -F 6 )
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S ch em e  IV F lo w  d ia g ra m  for  the iso la t io n  of u n saturated  
b r a n ch ed -ch a in  e s t e r  U1
AgCCFZ m e th y l  e s t e r  
( 3 .5  g)
C o lu m n  ch rom atograp h y  
30% AgNOg (52 X 9 .5  cm )
P E  5
--------------------------- -> F I  ( < 1 mg)
b e n z e n e /h e x a n e  (1:1 ratio)  
------------------------------ > F 2  ( 2 .4 8  g)
20% A g t ic  ( 1 .0  m m





N ew  e s t e r s ,  
F4 and F 3
r
B2
M a in ly  furanoid  
e s t e r s  and P^^
B1 
M a in ly  P  
e s t e r s
20% A g t ic  ( 0 ,5  m m  th ick n ess )  
100  m g /p la t e
B 3 .5
(d iscard ed )
B 3 .4  
( 1 mg)
TB 3 .  3 
(4 m g)
B 3 .2  
br e s t e r s
B 3 .  1 (70 m g)  
18. 8 + F 3  and F4
P r e p  g lc  (ApL)
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c) M a s s  s p e c tr u m  of h ydrogenated  sam p le  (U l)
M a s s  s p e c tr o m e tr y  of the p erh y d ro  d e r iv a t iv e  of U l  w as  
undertaken to d e te r m in e  cha in length  of the e s t e r  and to lo c a te  
p o s it io n s  of the b r a n c h e d -c h a in s . The g en era l  fr a g m en ta t io n  
behav iour of sa turated  b ra n ch ed -ch a in  e s t e r s  h a s  a lr e a d y  b een  
d is c u s s e d  in s e c t io n  2 . 2 ,  page 34.
T he m o le c u la r  ion of th is  sp ec tru m  (20) (page 152) at m / e  2 98 
in d ic a te s  a m e th y l  e s t e r  of a C a c id ,  and the b a se  p eak  at m / e  74
c o n f ir m s  the p r e s e n c e  of a m e th y l es ter -




GH — r  (GHg)gGOgGHg
I
I
L 129 (130 , 131)I 
I 1
L l  99(167, 149) L. 157 (125 , 107)
G lea v a g e  of the bond in  the fatty  acid  e s t e r  ch a in  on the e s t e r  
s id e  of a m eth y l  bran ch  g iv e s  r i s e  to  io n s  at m / e  129, 130, and 
131, and on the other s id e  of the m e th y l branch  to io n s  at m / e  157,  
125 (1 5 7 -3 2 ) ,  and 107 (1 2 5 -1 8 ) .  T h e s e  io n s  c o n f ir m  the p r e s e n c e  
of a m eth y l  s id e  ch a in  at G - 7 .
F r a g m e n t  io n s  at m / e  171, 172, 173 and 199, 167 (1 9 9 -3 2 )  
and 14 9 (1 6 7 -1 8 )  in d ic a te  the lo c a t io n  of a second  m e th y l  s id e -c h a in  
a t C - 9 .
The a v a ila b le  e v id e n c e  so fa r  s u g g e s t s  that the e s t e r  U l i s  an  
u n sa tu ra ted  d e r iv a t iv e  (-4H ) of 7 ,  9 -d im e th y lh e x a d e c a n o ic  a c id .
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d) § p ^ c t r o ^ £ p ic _  nrnr_
(i) Uv s p e c tr o s c o p ic  s p ec tru m  of U l
The uv sp ec tru m  of U l  in  c y c lo h ex a n e  so lu tion  had a m a x im u m  
ab sorp tion  at 230 n m . T h is  w avelen g th  i s  s im i la r  to the m a x im u m  
ab sorp tion  of conjugated  d ie n e s  (200-300  nm ).
(ii) P ro ton  n m r of U l
The p roton  n m r of U 1 w a s  exam in ed  at 360 MHz on a B ru k er  
s p e c tr o m e te r  (10-15%  so lu tion  in carbon  te tr a c h lo r id e ) .  The  
r e s u l t s  obtained su g g est  a s tru ctu re  in w h ich both m e th y l  grou ps  
a re  attached  to o le f in ic  carb on  atom s:









A p p ea ra n ce
s in g le t
tr ip le t
m u lt ip le t  
apparent tr ip le t  
doublet  
m u lt ip le t
N o .  of P r o to n s  A ss ig n m e n t
H
H^ (c o u p le s  w ith  
X m e th y len e)
(GHg) A and B
T he o le f in ic  proton  s ig n a ls  a r e  c l e a r ly  shown at 5. 59 ^ (H ^ s inglet)  
and at 5 .1 9
expla ined  by the fa c t  that it  c o u p le s  with the m e th y le n e  p roton s
(H^ tr ip le t ) .  T h e  tr ip le t  ap p earan ce  of th is  s ig n a l i s
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T he other  o le f in ic  p ro ton  i s  not co u p led . T he  m e th y le n e  
p roton s  on e i th er  s id e  of the double bonds, d es ig n a ted  (CH^)^ 
and (CH^)^ ap p eared  a s  a m u lt ip le t  and a tr ip le t  at 2 . 0 0  (^and
1 .9 8  R e s p e c t i v e l y ,  The m e th y l  p roton s  a ttach ed  to C -7  and C -9  
appeared  at 1 .7 1  R (d o u b le t )  and 1 . 6 7 ^ (m u lt ip le t ) .
T h is  sp e c tr u m  c o n f ir m s  the p ro p o sa l that th is  com pound  
con ta in s  a conjugated  d iene s y s t e m  and b e c a u s e  the b ranched  m e th y l  
groups a r e  in v o lv e d  in  the d ien e bonds, they m u s t  be lo c a te d  at  
A 6 , 8 or A 7 , 9.
(e) F o r m a t io n  of m a le ic  an lw d rid e  adduct
D i e l s - A ld e r  r e a c t io n  w a s  c a r r ie d  out on U l and on an authentic
conjugated  d ien e  (18:2 9t, l i t ) .  T h is  la t t e r  w a s  not e n t ir e ly  pure
and conta ined  s o m e  oth er  18:2 e s t e r s .
The product f r o m  the authentic  d iene w as  sep a ra ted  by tic  into
two p r o d u c ts .  T he l e s s  p o lar  product,  ex a m in ed  by g lc ,  w a s  found
to b e  s im i la r  to the o r ig in a l  im p u re  d ien e  ex ce p t  that the 18:2 ( 9 t, l i t )
e s t e r  had la r g e l y  d is a p p e a r e d .  The m u ch  m o r e  p o la r  product w a s
exam in ed  by m a s s  s p e c tr o m e tr y  ( m a s s  sp ec tru m  2 2 ,page 1 5 3 ) .
T he sp e c tr u m  w a s  fa ir ly  c o m p le x  with m any fr a g m e n ts  c o r r e s p o n d in g
to (C H .)^C O O G H ., G H .  , ,  C H .  . ,  o r  G H_ . .  In add ition  2 'n 3 n 2 n - l  n 2 n - l  n 2n -3
th ere  w e r e  fr a g m e n ts  in v o lv in g  l o s s  of one o r  m o r e  of GO, OGH^, 
GOg, CO O CH y  GHg(GH^)g and (GH^) GOOGH^.
T r e a te d  in a s im i la r  w ay  U l  fa iled  to g ive  an adduct but a fter  
e x p o su re  to light in the p r e s e n c e  of iod ine - a p r o c e d u r e  known to  
p ro m o te  con figu ra tion a l ch an ge  -  the e s t e r  gave a p o la r  product  
w h ich g ave  m a s s  sp e c tr u m  23 (page 153) s im i la r  to that obta ined
/  80  V
w ith the authentic  d ie n e .  It w a s  not p o s s ib le  to d e te r m in e  the fu l l  
stru ctu re  of th is  adduct and thus a s s i g n  double bond p o s it io n s  but 
it i s  concluded  that U l ,  though a conjugated d ien e ,  i s  not the  
tr a n s ,  tran s  i s o m e r  »
(f) D ouble bond p o s it io n  by MS of hydroxy la ted  d e r iv a t iv e  of U l
M a s s  s p e c tr o m e tr y  of m eth y l e s t e r s  d oes  not d is t in g u ish  b e tw een  
p o s it io n a l  u n sa tu ra ted  i s o m e r s .  S e v e r a l  p r o c e d u r e s  have b een  
su g g este d  a s  a p o s s ib le  a n sw e r  to th is  d iff icu lty  but none h a s  p roved  
to be  e n t ir e ly  a cc e p ta b le  for  the lo c a tio n  of double bonds in  p o ly en e  
s y s t e m s .
The tr a n s fo r m a t io n  of p o ly en e  e s t e r s  to po lyh ydroxy  d e r iv a t iv e s
by tre a tm e n t  with o sm iu m  te tro x id e  (OsO^) fo llo w ed  by m a s s
s p e c tr o m e tr y  of th e  t r im e th y ls i ly lo x y  (O-TM S) d e r iv a t iv e  i s
n e v e r t h e l e s s  the m o s t  favou red  m ethod for  the lo c a t io n  of double
bonds in p o lyu n satu rated  co m p o u n d s .  F ra g m e n ta t io n  b etw een
v ic in a l  C HOT MS grou ps i s  rep orted  to p roduce  la r g e  and d ia g n o st ic  '
144io n s .  The m e thod h a s  b een  applied  to m e th y le n e - in te r r u p te d
145and conjugated  p o ly e n e s  . It has b een  re v ie w e d  and r e c o m m e n d e d  
146by M innikin
T he  U l  e s t e r  ( 8 8 % purity) w a s  tr a n s fo r m e d  to the te tra h y d ro x y  
e s t e r  by trea tm en t  with OsO^ and co n v er ted  to the tr im e th y l  s i ly lo x y  
(O -TM S d e r iv a t iv e ) .  An authentic  conjugated  d iene  e s t e r  (18 :2 ,
9t, l i t )  w a s  trea ted  s im i la r ly .  Both p rod u cts  w e r e  exam in ed  by  
m a s s  s p e c tr o m e tr y  at 20 eV .
T he m a s s  sp e c tr u m  24 (page 154) of the O -T M S d e r iv a t iv e  of  
authentic 18:2 ( 9t, l i t )  e s t e r  a s  exp ected  did not d isp la y  the  
m o le c u la r  ion  (654).  T he double bond p o s it io n s  a r e  f ixed  by the
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p rom in en t p ea k s  at m / e  187 and 259.
O.
CH 3 0
0 = 0 4




'^ G - ( G H ^ ) ^ - G H - |— GH — GH — j—  G H -(G H ^)^-G H ^
I




2 5 9  391 361 2 8 9  4 6 3 - 1 8 7
T he m a s s  sp ec tru m  25 (page 15l(^) of the U l  O -T M S d e r iv a t iv e  
h as a b a se  peak at m / e  215 and a s ign if ican t  peak at m / e  217 .  
T h e se  two p eak s  u n e q u iv o ca lly  lo c a te  the double bonds at p o s i t io n s  









,G -(G H ^)^-G H
O
TMS
1 C H ,  
1 1
‘ GH 
1 1t 7— G —  1 1 — GH -  1 T— G -  » 1
0 10 1 10
TMS TMS 1 TMS
'(G H ^)^-G H ,
21a a L
82
( g ) , Ma^s^ th^ _9 -l_^^_
A f t e r  a c o m p r e h e n s iv e  study of v a r io u s  o le ic  ac id  a m id e s
A n d e r s s o n  ^  found that the p y rro lid id e  gave  a c h a r a c te r is t ic
fra g m en ta t io n  p a ttern  w h ich  in dicated  the p o s it io n  of the double bond
147in  m on ou nsatu rated  fatty  a c id s  , The m e thod h a s  s in ce  b een  
applied  to m e th y le n e - in te r r u p te d  p o lyen e  s^^^ 150^
T he m a s s  sp ec tru m  21 (page 152) of the p y rr o l id id e  of U l  
d isp layed  a m o le c u la r  ion  of m / e  333 and a b a s e  peak at m / e  113 
(the M cL a ffe r ty  r e a r r a n g e m e n t  ion) ind icatin g  a C g d iun satu rated  
com pound. T he  r e m a in d e r  of the sp ec tru m  w a s  d iff icu lt  to in te r p r e t  
and p eak s  at m / e  196, 208 , 236 and 24 8 m ight s u g g e s t  that the d ien e  
acid  i s  A 8 , 10. T h is  r e s u l t  i s  in  co n f lic t  with that obta ined fr o m  
the te trah yd roxy  TMS d e r iv a t iv e .  It i s  h o w ev er  u n cer ta in  how the  
r e s u lt  m ight be in flu en ced  by the fact  that the branched  m e th y l  
groups are  each  a ttach ed  to o le f in ic  carbon  a to m s .
2,4,4 C o m m en ts  on the s tru c tu re  of b r a n ch ed -ch a in  a c id s  (o ther  than  
th o se  d er iv ed  fr o m  phytol) in cod l iv e r  o i l
F r o m  th e s e  s tu d ie s  of the b ra n ch ed -ch a in  a c id s  of cod l i v e r  e s t e r  
it  i s  conclud ed  that u n sa tu ra ted  d e r iv a t iv e s  of 5 -m e th y lte tr a d e c a n o ic  ., 
5 ,7 -d im ethyltr idecano ic ,  5, 7 -d im e th y l te t r a d e c a n o ic , 7 -m e th y lh e x a -  
d eca n o ic ,  7, 9 -d im e th y lh e x a d e c a n o ic , 9 -m e th y lo c ta d e c a n o ic , 7 , 9 -  
d im e th y lo c ta d e c a n o ic , and 9 , 1 1 -d im e th y lo c ta d e c a n o ic  a c id s  a r e  
p r e s e n t  in  t r a c e  am ount. A m ong t h e s e ,  the 7, 9 -d im e th y lh e x a ­
d ecan o ic  acid  p r e d o m in a te s  and it  h as  been p o s s ib l e  to show  that 
th is  i s  p robab ly  p r e s e n t  a s  a A 6 , 8 d ien e  in  a con f ig u ra t io n  oth er  
than tr a n s ,  t r a n s .
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T h e  lo c a t io n  of m eth y l  grou p s on a lter n a te  odd ca rb o n  a to m s  
i s  u n ex p ected ,  ^ in ce  in v o lv e m e n t  of prop ion ate  (or m eth y lm a lo n a te )  
in b io s y n th e s i s  le a d s  to branched  m e th y l grou ps on even  carb on  
a to m s .  C onjugated u n sa tu ra tion  i s  a ls o  unusual in an im al l ip id s .
It i s ,  h o w e v e r ,  n otew orth y  that the A 6 and A? d e r iv a t iv e s  of 
7 -m e th y lh e x a d e c e n o ic  acid  have  b een  id en tif ied  in f ish  l ip id s  ( s e e  
sec t ion  2.4,1). T he carb on  sk e le to n  of th e se  b r a n c h e d -c h a in  a c id s  
( ign oring  un saturation) s u g g e s t  that they  b e lon g  to two f a m i l i e s  
linked by c h a in -e lo n g a t io n ,  thus:
5 - m e th y l 14:0 5 , 7 -d im e th y l  14:0
1 i
7 -m e th y l  16:0 7 ,9 - d i m e t h y l  16:0
1 i
9 -m e th y l  18:0 9 , 1 1 -d im e th y l  18:0
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2 . 5  MONOENOIC ACIDS
2 , 5 , 1  Introduct ion
M onoene a c id s  m a k e  up 40-60%  of the to ta l a c id s  in m o s t  f i s h
o i l s .  T h ey  range in  cha in length fr o m  C^^-C^^ w ith the C^ g^
m e m b e r ( s )  p red o m in a tin g  (35-45% ), I s o m e r ic  com p ou n ds d iffer in g
only  in  the p o s it io n  of the double bond o c c u r  and th e se  a r e  d if f icu lt
to  sep a ra te  fr o m  one an oth er .  T he com pounds s e e m  to be a lm o s t
w holly  of c i s  co n f ig u ra t io n . S ep ara tion  of m o n o en e  a c id s  h a s
95,151b een  a ch iev ed  by c o u n te r c u r r e n t  d is tr ib u tion  , s i lv e r  ion
, 152 15,3-156ch rom atograp h y  , p rep a r a t iv e  glc  , l iq u id - l iq u id
1:5.7, 158 1 5 9 -162ch rom atograp h y  , f r a c t io n a l  d is t i l la t io n  and low
16,3te m p e r a tu r e  c r y s t a l l i s a t io n
M uch w ork  on the is o la t io n  and s tru ctu ra l d e te r m in a t io n  of
m o n o eth y len ic  un sa turation  h a s  b een  c a r r ie d  out on p a r t ia l ly
hydrogen ated  f i s h  o i l s .  A n im a ls  fed  on d ie t s  r ich  in r a p e s e e d  o il
and g ly c e r y l  tr ie r u c a te  show s ig n s  of ca rd io p a th o g en ic  ch a n g e s
w h ich have been attributed  to e r u c ic  acid  (c is -d o c o s -13 -e n o ic  a c id ) .
S in ce  h yd rogenated  f i s h  o i l s  a r e  u sed  in  m a r g a r in e  m a n u fa c tu re ,
a n a ly s is  and c h a r a c te r is a t io n  of the v a r io u s  i s o m e r s  a re  im p o rta n t .  
52C on ach er  jet ^  u se d  p r e p a r a t iv e  g lc  and s i lv e r  ion  t ic  for  the  
is o la t io n  and study of m o n o eth y len ic  i s o m e r s  in c a r d ia c  l ip id s  of 
r a ts  fed  p a r t ia l ly  hydrogen ated  h e r r in g  o i l .  T h ey  u sed  o z o n o ly s is
49to f in a lly  lo c a te  the double b o n d s .  C onach er  and P a g e  u se d  a 
s im i la r  ap proach  fo r  s tu d ie s  on i s o m e r s  of m a jo r  m o n o en o ic  a c id s  
in  r a p e s e e d  and p a r t ia l ly  h yd rogenated  r a p e s e e d  o i l .  C h r o m a to ­
graph ic  d e te r m in a t io n  of the m o n o eth y len ic  g e o m e tr ic  and
167p o s it io n a l  i s o m e r s  h a s  b e e n  rev iew ed  by C on ach er
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T he u s e  of open tubular or  c a p i l la r y  c o lu m n s  fo r  the
id en tif ica t io n  o fT s o m e r ic  m o n o eth y len ic  fatty  a c id s  h a s  in c r e a s e d  
1 6 8 , 1 6 9s in c e  Lip sky et a l sep a ra ted  o le  ate fr o m  e la id a te  on a
c a p i l la r y  co lu m n  coa ted  with A pL . L a ter  L itc h f ie ld  ^  ^  u sed
170 ' 171DEGS (d ie th y le n e g ly c o l  su cc in a te)  and CNES (# ,p  -c y a n o e th y l
m e th y l s i lo x a n e  p o ly m e r )  coa ted  co lu m n s  for the sep a ra t io n  of
g e o m e tr ic  i s o m e r s .  A ck m an  and H oop er  u sed  c a p i l la r y  c o lu m n s
coated  with BDS (butanediol su cc in a te )  and A pL p h a s e s  to id en tify
172 173t r a n s - h e x a d e c -  6 - e n o ic  ac id  in m a r in e  t u r t l e s ’ , a s e a  an em on e  ,
139and w h ite  j e l l y f i s h  , U s in g  c a p i l la r y  co lu m n  g lc  A ck m an  and 
80Me L ach lan  r e c e n t ly  ex a m in ed  in  d e ta il  fa tty  a c id s  of m a r in e
s e a w e e d s .  F r o m  a c o l la b o r a t iv e  study on the d e term in a t io n  of
174er u c ic  ac id  in ed ib le  fa t s  and o i l s ,  by c a p i l la r y  g lc ,  A ck m an  e t  a l
conclud ed  that "the m e thod  of a n a ly s is  under t e s t  a p p e a r s  to have
been  co n v en ie n t ly  p e r fo r m e d  and to be su ff ic ie n t ly  rep ro d u c ib le  fr o m
one la b o ra to ry  to another fo r  the p u r p o se s  fo r  w h ich  it  i s  in tend ed" .
A c l o s e  a g r e e m e n t  b etw een  c a p i l la r y  g lc  and o z o n o ly s i s  tech n iq u e s  
174h a s  b een  rep o rted  . F u tu re  tren d s  in the is o la t io n  and
id en tif ica t io n  of m o n o en o ic  fa tty  a c id s  m a y  in v o lv e  com b in ed  u s e
175of HPLC and c a p i l la r y  g lc .  R e c e n t ly  K irk jet ^  s u c c e s s f u l ly
u sed  s i lv e r  ion  ch ro m a to g ra p h y  to  s e p a r a te  e r u c ic  acid  f r o m  o th er
c i s - d o c o se n o ic  ac id  i s o m e r s  in  p i ix tu r e s  of r a p e s e e d  and h e r r in g
176o il  fa tty  a c id s .  M o r r is  et ^  had e a r l i e r  sep a ra ted  i s o m e r i c  
c i s  and trrans-o c ta d e c e n o ic  a c id s  by m u lt ip le  d ev e lo p m en t  at lo w  
tem p era tu res  u s in g  t ic  p la te s  im p reg n a ted  w ith s i l v e r  n itr a te .
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2 , 5 , 2  I solation
In th is  study p r e l im in a r y  fra c t io n a t io n  of cod  l iv e r  fatty  a c id s  
w as ach iev ed  by low  tem p e r a tu r e  c r y s t a l l i s a t io n .  F u r th e r  
is o la t io n  and p u r if ic a t io n  w a s  c a r r ie d  out by arg en ta t io n  tic  and 
p r e p a r a t iv e  g lc .  F a tty  a c id s  w e r e  u sed  in p la c e  of m eth y l  e s t e r s  
for  the low  te m p e r a tu r e  c r y s t a l l i s a t io n  b eca u se :  (i) the r e la t iv e
so lu b il i ty  of fa tty  a c id s  and th e ir  e s t e r s  i n c r e a s e s  w ith h igh er  
un saturation  and d e c r e a s e s  with lon ger  cha in length; (ii) un saturated  
fatty  a c id s  w ith c i s  con figu ra tion  a r e  m o r e  so lu b le  than th e ir  tr a n s  
i s o m e r s ,  but with m e th y l e s t e r s ,  the s o lu b i l i t ie s  of c i s  and tra n s  
a re  m o r e  a lik e ;  and (ii i)  the c r y s t a l l i s a t io n  of un sa turated  e s t e r s  
i s  l im ite d  by th e ir  g r e a te r  so lu b il i ty  co m p a red  to the co r r e sp o n d in g  
a c id s .
L o w -te m p e r a tu r e  c r y s t a l l i s a t io n  of the fa tty  a c id s  f r o m  a ce to n e  
w a s  c a r r ie d  out at t e m p e r a tu r e s  ranging fro m  -15*^ to - 7 5 ° ,  a s  
shown in  S c h em e  V . F iv e  d ifferent f r a c t io n s  w e r e  ob ta in ed .
The com ponent fa tty  a c id s  in the v a r io u s  fr a c t io n s  a re  deta iled  in  
T ab le  12. The c o m p o s i t io n  of p r e c ip i ta t e s  A -D  and of the f in a l  
m o th e r  l iq u or  a r e  set  out in  T a b le  1 2 . T he f i r s t  p r e c ip ita te  ( 6%) 
i s  m a in ly  saturated  a c id s  ( 8 9%) and co n ta in s  on ly  s m a l l  am ount of 
m on oen e  a c id s  (10%). T he secon d  p r e c ip ita te  (a lso  s m a l l , 7%) 
i s  m ain ly  a m ix tu r e  of sa turated  (34%) and m o n o e n e  (42%) a c id s .
T he rem a in in g  p r e c ip i ta te s  a r e  la r g e r  (18% and 26%) and conta in  
m o n o e n e s  a s  the m a jo r  com p on en t (76%, 6 6 %). T he m o th er  
l iq u or  (28%) i s  en r ich ed  in p o ly e n e s  (72%) and c o n ta in s  on ly  2 1 % 
of m on oen e  a c id s .  The and m o n o e n e s  are  co n cen tra ted  
in  p r e c ip ita te  C w h i l s t  the C^g and m o n o e n e s  a r e  found m a in ly  
in  p r e c ip ita te  D .
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T ab le  12 . S ep ara tion  of cod  l iv e r  fatty  a c id s  f r o m  a ceton e  so lu tion  
by Ipw te m p e r a tu r e  c r y s ta l l i sa t io n :  % c o m p o s it io n  of  
v a r io u s  f r a c t io n s
F r a c t io n s T ota l ppt(A) ppt(B) ppt(C) ppt(D) ML(I
T em p , of
c r y s ta l l i s a t io n
(°C)








2 5 . 6 2 8 . 0
C om ponent  
e s t e r s  (Wt,%)
A ss ig n m e n t
14:0 3 .4 5 .7 4 . 9 5 .0 2 . 6 1 . 0
15:0 0 .4 0 . 9 0 . 8 - 0 .4 0 . 3
15:0 b r / 1 5 : l 0.  3 0 . 2 0 . 3 0 . 2 0 . 3 0 . 4
16:0 9 . 8 6 2 . 3 2 9 . 9 1 1 . 1 3 . 0 0 . 4
8 . 7 1 . 5 4 . 7 3 . 0 1 3 . 0 1 3 . 9
18:0 2 . 6 1 7 . 3 - 2 . 8 1 . 1 1 , 3
18:1 2 2 . 0 2 . 9 1 1 . 8 19 . 1 4 1 . 8 0 . 2
18:2 n - 6 1 .9 0 . 3 1 . 2 - 2 . 3 4 . 1
2 0 :1 /1 8 :3  n - 6 1 3 . 2 2 . 2 1 3 . 3 3 0 . 2 3 . 2 3 . 9
20 :2 /1 8 :4  n -3 2 . 6 0 , 3 1 .3 0 .4 2 . 1 6 . 0
2 2 :1 /2 0 :3  n -9 8 . 2 1 . 6 1 0 . 5 2 2 . 9 6 . 6 1 . 6
20:4 n -3 0 .7 0 . 1 0 .3 0 . 2 0. 5 1 . 6
20:5 n -3 1 0 . 6 1 . 2 5 .2 1 .4 9 .2 2 6 . 9
24:1 0 .7 1 . 2 1 . 2 1 . 0 0 . 6 1 .4
22:4 n - 6 0 .7 - - - 0 . 5 T
2 2 ;5 n - 6 0 .4 - - - 0 . 3 0 . 6
22:5 n -3 1 . 1 - 0 . 5 0 . 1 1 . 0 3 .0
22:6 n -3 1 2 . i 1 .5 6 . 0 1 . 6 1 0 . 3 3 0 . 6
O th ers 0 . 6 0 . 8 8 . 1 1 . 0 1 . 1 2 . 8
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Low  tem p e r a tu r e  c r y s t a l l i s a t io n  c a r r ie d  out in  th is  w ay fa iled
to produ ce  p u r e -a c id s  and fu rth er  m e th od s  w e r e  th e r e fo r e  u sed
to im p r o v e  the pu rity  of the m o n o en e  a c id s .
An a ttem p t  to s e p a ra te  p r e c ip ita te  C into i t s  co m p o n en ts  by
r e v e r s e d -p h a s e  ch ro m a to g ra p h y  u s in g  5% s i l i c o n e  fluid (D C 2000 /5C S)
in d ieth yl e th er  a c c o r d in g  to the p ro ced u re  d e s c r ib e d  by M alin  
88and M angold w a s  u n s u c c e s s f u l .
S i lv e r  ion  tic  w a s  th e r e fo r e  u sed  to s e p a r a te  the m o n o e n e -r ic h
p r e c ip ita te  C m a in ly  a c c o r d in g  to num ber of double bonds. E s t e r s
(100 m g ,  ppt C /p la te)  w e r e  applied to p la te s  c o v e r e d  w ith s i l i c a
(O. 5 m m ) con ta in in g  s i lv e r  n itra te  (10%) .wh ich w e r e  d eve lop ed  in
P E 7 . 5  . S ep ara ted  bands w e r e  lo ca ted  by 2 ' , 7 ' -d ic h lo r o f lu o r e s c e in
(0 .2% ). The f i r s t  band, a s m a l l  n arrow  band of s a tu r a te s ,  w a s
fo llow ed  by a broad  band of m o n o e n e s ,  and by a n a rro w  but strong
band of p o ly e n e s .  T he r e c o v e r e d  m on oen e  band con ta in ed  about 98%
of m o n o e n e s  (16:1,  5%; 18:1, 23%; 20:1 , 42%; 22:1 , 28%).
A ttem p ts  to i s o la t e  in d iv idu a l m on oen e  e s t e r s  by r e v e r s e d -p h a s e
c h ro m a to g ra p h y  w e r e  not e n t ir e ly  s u c c e s s f u l  and a r e  rep orted  only
b r ie f ly .  When the s i l i c a  w a s  s i la n ise d  p r io r  to p rep a ra t io n  of the
t ic  p la te s  a cco r d in g  to the p r o c e d u r e  of H ow ard and Martin^^^ and 
87of L itch f ie ld  sep a ra t io n  by ch a in - le n g th  w a s  p o o r .  M ore  s u c c e s s
17 8fo llow ed  with the O r d -B a m fo r d  m ethod of u s in g  d im e th y lc h lo r o -  
s i la n e  or tr im e th y lc h lo r o s i la n e  to prod u ce  a l ip o p h i l ic  s u r fa c e .  
M o n o en es  of d iffer in g  c h a in - le n g th  w e r e  sep a ra ted  (pu rity  > 95%).
The bands cou ld  not be m ad e  v is u a l  with e i th e r  R hod am ine B or  
2 ’, 7 ’- d ic h lo r o f lu o r e s c e in  but iod in e  provided  the n e c e s s a r y  sta in ing  
of the l ip id  m o n o e n e s  without r e a c t in g  i r r e v e r s ib l y  w ith the m on oen e  
e s t e r s .  T h is  m ethod  w a s  abandoned b e c a u s e  of a n u m b er  of o th er
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d if f ic u l t ie s  a s s o c ia te d  with th is  p r o c e d u r e .
P r e p a r a t iv e  g lc  w a s  th e r e fo r e  u sed  to i s o la t e  in d iv idual  
m o n o eth y len ic  e s t e r s  in a fo r m  pure enough for  c h e m ic a l  
c h a r a c te r is a t io n .  W h i ls t  it i s  known that so m e  lo n g -c h a in  e s t e r s  
such a s  the conjugated  t r ie n o a te s  and a -h y d r o x y  conjugated  d ie n o a te s
1 7 9  180undergo s téréo m u ta t io n  and dehydrat ion  r e s p e c t i v e ly  * , th ere
i s  no ey id e n c e  of any ch a n g e s  in m onoene or non -con ju gated  p o ly en e  
1 81 , 182e s t e r s  . N e v e r t h e l e s s  it  i s  d e s ir a b le  to take the fo llow in g
p r e c a u t io n s .  The c o lu m n  tem p era tu re  m u st  be h igh enough to  
p rom ote  rapid e lu t ion  but not so h igh a s  to lead  to p o s s ib le  s tru c tu ra l  
m o d if ic a t io n .  T he outlet  c o l le c t in g  d e v ic e  w a s  th e r e fo r e  on ly  5 -1 0 °  
above the co lu m n  te m p e r a tu r e .  The c a r r ie r  g a s  f low ed  a s  rap id ly  
a s  p o s s ib le  (c o n s is te n t  w ith good separation) to m in im is e  the  
r e s id e n c e  t im e  of the e s t e r s  on the co lum n .
With th e s e  p o in ts  in  m ind the m o n o en e  e s t e r s  a lr ea d y  
con cen tra ted  by s i lv e r  ion  ch ro m a to g ra p h y  w e r e  sep ara ted  
a cco r d in g  to c h a in - le n g th  on an EGSS-Y co lu m n  at 2 0 0 °  by 
p re p a r a t iv e  g lc .  E ach  is o la t e d  m on oen e  e s t e r  fr a c t io n  w as  
r e c o v e r e d ,  w eigh ed  and a n a ly sed  by the g lc  on S P 2 3 4 0 .  O ver  99% 
pu rity  of each  e s t e r  w a s  obta ined . F u r th e r  purity  ch eck  on th e se  
iso la te d  pure  e s t e r s  w as  c a r r ie d  out u s in g  0 . 2 5  m m  th ic k n e s s  tic  
p la t e s .  The is o la t e d  fr a c t io n s  w e r e  app lied  to the t ic  p la te s  
a lo n g s id e  authentic  m on oen e  m a t e r ia l s  and the o r ig in a l  p r e c ip ita te  
C obta ined by low  tem p era tu re  c r y s t a l l i s a t io n .  P l a t e s  w e r e  
d eve loped  in P E  10 and bands w e r e  lo c a te d  by c h a r r in g .  Only a 
m eth y l e s t e r  band w as  obtained  in  each  c a s e ,  show ing that the  
is o la te d  com p ou nds w e r e  m e th y l  e s t e r s  on ly ,  A flow  d ia g ra m  
fo r  the sep ara tion  and a n a ly s i s  of the m o n o en o ic  ac id  e s t e r s  i s  
shown in S c h em e  V .
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S ch em e V. F lo w  d ia g ra m  fo r  the is o la t io n  of com pon en t  
m o n o en o ic  a c id s
ppt (A)
Cod l i v e r  o i l  (105 g)
sap on if ica t ion  
(KOH)
F r e e  F a t ty  A c id s  (100 g)
low  te m p era tu re  c r y s t a l l i s a t io n  
( i n  acetone)
4* ' • f
B . 3
ppt (B) r-pp t  (C) ppt (D)
m éth y la t io n  and 
p rep .  A g t ic
B . 2 B . l
p r e p ,  glc on EGSS-Y
♦ T 1
ML(D)
16 :1 ( 1 . 8  m g)  
(99.7%)
18:1 ( 3 . 0  mg)  
(99.2%)
20:1 ( 2 . 5  m g)  
(99.6%)
22: 1  (2 . 0  mg)  
(99.0% )
Note: Iso la ted  m o n o e n e s  ( 7 99% purity) w e r e  c h eck ed  by tic  
and by g lc  on SP2 34 0 co lu m n
91
2,5,3 S tru ctu ra l id en t if ica t io n
F o r  the s tr u c tu r a l  id en t if ica t io n  of the p o s it io n a l  i s o m e r s  of 
the m on oen e  e s t e r s  o x id a t iv e  c le a v a g e  of the double bonds and 
su bseq uent g lc  id e n t if ic a t io n  of the p ro d u cts  w as  adopted ,  
s p e c i f i c a l ly  o z o n o ly s i s  y ie ld in g  a ld eh y d e s  and a ld e h y d o -e s t e r s  
gave the b e s t  r e s u l t s .
U s e  of o z o n o ly s i s  fo r  the lo c a t io n  of double bonds
T he p rod u cts  obtained fr o m  o z o n id e s  by r e a c t io n  with  
tr ip h en ylp h osp h ine  (T P P )  a r e  a ld eh y d e s  (A) and a ld e h y d o - e s t e r s  (AE) 
and authentic  s a m p le s  of t h e s e  a r e  req u ired  for  the id en t if ica t io n  of 
the oxid ation  p r o d u c ts .  A ld eh y d e s  a re  re a d i ly  a v a ila b le  but 
a ld e h y d o - e s t e r s  a r e  not and m u s t  be p r e p a r e d .
A uthentic  a ld eh y d e s  and a ld e h y d o - e s t e r s  w e r e  obtained fr o m  
p ure ( 7  99%) s a m p le s  of syn th e t ic  18:1 e s t e r s  h av in g  the double bond 
at v a r io u s  p o s i t io n s  on the ch a in . A uthentic  m e th y l  o c ta d e c e n o a te s  
w e r e  in d iv id u a lly  o z o n is e d  and the re su lta n t  o z o n id e s  red uced  with  
T P P .  T he a ld eh y d e s  and the c o r r e sp o n d in g  a ld e h y d o - e s t e r s  w e r e  
a n a ly sed  by the g lc  u s in g  A pL (5%) and SP234 0 (10%). A s e r i e s  of  
a ld eh y d e s  and a ld e h y d o - e s t e r s  w e r e  obtained fr o m  the A 8 through  
A13 18:1 a c id s .  Standards of authentic  a ld e h y d e s  a n a ly sed  on  
ApL (5%) and SP 234  0 (10%) d isp la y e d  re te n t io n  t im e s  and EC L  
id e n t ic a l  with th o se  obtained by red u c t iv e  o z o n o ly s i s  of the  
synthe t ic  e s t e r s .
(a) A n a ly s is  of o z o n o ly s i s  p ro d u c ts
A uthentic  a ld e h y d e s ,  a ld e h y d o - e s t e r s  and m o n o b a s ic  e s t e r s  
(C^-C^^) w e r e  ex a m in ed  by t e m p e r a tu r e -p r o g r a m m e d  glc on A pL  
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o z o n o ly s is  p r o d u c ts .  E q u iva len t  cha in len g th s  of the a ld eh y d e s  
and a ld e h y d o - e s t e r s  w e r e  e x p r e s s e d  in t e r m s  of the re te n t io n  
b eh av iou r  of m eth y l a lk a n o a te s   ^ and w e r e  c a lc u la te d  u s in g  the  
two e s t e r  s tand ard s  c l o s e s t  in  re ten tion  t im e  to that of the peak  
under c o n s id e r a t io n .  G raphs of E C L  ag a in st  ch a in  length  of the  
a ld eh y d e s  and a ld e h y d o - e s t e r s  gave a s tra ig h t  l in e  r e la t io n sh ip  
(F ig .  1 ) .
T he  E C L  of the o z o n o ly s i s  p rod u cts  (a ld eh y d e s  and a ld eh yd o-  
e s t e r s )  w e r e  a l s o  ca lc u la te d  by r e f e r e n c e  to the C -^C^^  ^ m o n o b a s ic  
m e th y l e s t e r s ,  and id en t if ied  by u s e  of the lo g  p lot  a lr e a d y  obtained  
fo r  the authentic  c o m p o u n d s .  On polar  and n o n -p o la r  c o lu m n s  
under i s o th e r m a l  co n d it io n s  s o m e  a ld eh yd e s  over lap p ed  w ith so m e  
a ld e h y d o - e s t e r s ,  A te m p e r a tu r e -p r o g r a m m e d  s y s t e m  (8 0 -2 0 0 ° )  
w as th e r e fo r e  u sed  to se p a r a te  the v a r io u s  a ld e h y d e s  and a ld eh yd o-  
e s t e r s .  A tr a c e  of the t e m p e r a tu r e -p r o g r a m m e d  e lu tio n  of the  
fr a g m e n ts  i s  shown in F i g ,  2.
(b) C a lcu la t io n  of w eight % and c o n v e r s io n  to m o le  %
O z o n o ly s i s  of a m o n o en e  e s t e r  should p rod u ce  the ex p ec ted  
fr a g m e n ts  (a ld eh y d e s  and a ld e h y d o -e s t e r s )  in e q u im o la r  a m o u n ts .  
H o w ev er ,  the FID d o es  not resp on d  equally  to eq u im o la r  am ou nts  
of a ld eh y d e s  and a ld e h y d o - e s t e r s  of d ifferen t  ch a in  le n g th s .  B e c a u s e  
of th is  d if f icu lty  the a ld e h y d o -e s t e r  fr a g m e n ts  a lo n e  a r e  u s u a l ly  
u sed  to quantitate the r e la t iv e  am ounts  of m o n o en o ic  esters^^^ ' 185^^
A c a lc u la t io n  p r o c e d u r e  su g g este d  by D a l  N o g a r e  and Juvet^^^  
w h ich ta k e s  c o g n is a n c e  of the fact  that the FID r e s p o n s e  d o es  not 










F i g ,  2 T e m p e r a tu r e -p r o g r a m m e d  elution  of a ld eh y d e s  
and a ld e h y d o - e s t e r s  (A £ ) .
C olum n - 5% ApL,
T e m p e r a tu r e  - 8 0 -2 0 0
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in th is  study.
ht X 'w*M olar  u n its  fo r  each  peak = 1 2 (n-f)
w h ere  ht = he igh t of p e a k s  of f r a g m e n ts ,  'w ’ i s  the wid th  
of the peak at h a lf  h e ig h t ,  n i s  the n um ber of carb on  a to m s  
in the ald eh yd e  or a ld e h y d o -e s te r  and f  i s  1 f o r  a ld e h y d e s  
and 2 fo r  the a ld e h y d o -e s t e r  s .
M ole  p e r c e n ta g e s  w e r e  ca lc u la te d  by n o r m a l i s in g  the r e s u l t s  o f  the  
a ld eh yd e s  and the a ld e h y d o - e s t e r s  s e p a r a te ly .  T h e  C^q
and 0 ^2  m o n o en e  e s t e r s  is o la te d  by p re p a r a t iv e  g lc  w e r e  a n a ly sed  
in  th is  w ay .
O c ta d ec en o a tes
double bond p o s it io n A 8 A9 AlO A l l A13
A E  (m ole  %) 1 . 8 65. 6 2 . 0 2 9 .  1 1 .5
A (m o le  %) 0 ,7 6 9 .3 1 . 2 27 . 3 1 .5
M ean  (m o le  %) l .D 6 8 . 0 2 . 0 2 8 .0 1 . 0
E ic o se n o a te  s
double bond p o s it io n A9 AlO A l l A 12  A 13
A E (m ole  %) 6 .3 0 . 6 9 1 .5 0 .4  1 .2
A (m o le  %) 6 . 0 0 .4 9 1 . 6 t r a c e  1 . 0
M ean (m o le  %) 6 . 0 1 . 0 9 2 .0 t r a c e  1 . 0
o c o s e n o a te s
double bond p o s it io n AlO A l l A 12 A13
A E  (m o le  %) 5 . 0 9 0 .7 1 .4 2 . 9
A (m o le  %) 2 . 5 8 7 .4 1 . 6 8 .5
M ean  (m o le  %) 4 . 0 9 0 .0 1 . 0 5 .0
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H e x a d e c e n o a te s 
double bond p o s it io n  A 5 A? A 8 A 9 AlO A l l  
A E (m o le  %) 1 0 .0  2 .0  3 .0  4 7 . 0  2 3 .0  1 5 .0
In th is  sa m p le  (16:1) the short cha in a ld e h y d e s  w e r e  r e c o v e r e d  
on ly  in  s m a l l  a m o u n ts ,  l o s s  p rob ab ly  o c c u r r in g  during the  
co n cen tra t io n  p r o c e d u r e .  The a ld eh y d e s  w e r e  not th e r e fo r e  
qu antita t ive ly  d e term in e d  but q u a lita t iv e ly  they  c o r r e sp o n d  to th e ir  
r e s p e c t iv e  aldehydo-^ester c o u n te r p a r ts .  The double bond lo c a t io n s  
w e r e  th e r e fo r e  a s s ig n e d  b a sed  on the a ld e h y d o - e s t e r s  on ly .
T ab le  13 . Sum m ary: D ouble bond p o s it io n s  (by red u c t iv e
o z o n o ly s is )
-  A (M ole %)
8 9 10 11 12 13
16:1 (99.7% ) 3 47 23 15 — -
18:1 (99.2%) 1 68 2 28 1
2 0 : 1  ( 9 9 . 6%) - 6 1 92 1
2 2: 1  ( 9 9 . 0%) - - 4 90 1 5
[Note: The 16:1 a ls o  had double bonds at A 5 (1 0  m o le  %),
A7 (2  m o le  %) j
2.5,4 C o m m e n ts  on the b io s y n th e s i s  of the m o n o en o ic  a c id s  
T he p r e s e n t  r e s u l t s  s u m m a r is e d  in T a b le  14, show the
p r e s e n c e  of th r e e  n -7  a c id s  p red o m in a n tly  G , th r e e  n - 9  a c id s1 o
w h ich  a re  m a in ly  C^ g^ and C^q and tw o n - 1 1  a c id s  m a in ly  C^^. 
T he n -9  a c id s  a re  prob ab ly  p roduced  fr o m  s te a r a te  and o le a te
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thus:
18:0 -= -----> 18:1(9)  > 20:1 (11) --------- > 22:1 (13)
In th is  sa m p le  of cod  l i v e r  o i l  the G, _ and G_ m e m b e r s  are  the
1 o  2 0
m o s t  s ig n if ic a n t .  The n -1 1  m o n o en e  a c id s  (m a in ly  G^^) a r^e prob ab ly  
obtained fr o m  20:0 and the n -7  a c id s  (m a in ly  C^g) fr o m  16:0 thus:
20:0 ------- > 20:1 ( 9) ---------  ^ 22:1 ( 11)
16:0 ------- > 16:1 (9) ---------^  18:1 ( U ) ---------- > 20:1 (13)
T he G^g m o n o en e  fr a c t io n  con ta in s  the n- 10 ac id  in  a d d it ion  to  
n -7  i s o m e r .  A lon g  w ith t h e s e  m a jo r  m on oen e  a c id s  14:1, 15:1,
17:1, 19:1 and 24:1 a c id s  w e r e  te n ta t iv e ly  id en tif ied  a s  m in o r  
c o m p o n en ts .
T ab le  14 . M ajor  m o n o en e  a c id s  (% of to ta l a c id s )  p resen t  in cod l i v e r  o il
Gha in length T o ta l  a c id s n - 1 1 n -9 n -7
^ 1 6 1 .5 - - 47
2 2 .4 - 58 28
^ 2 0 1 3 .8 6 92 .13
8 . 6 . 90 5
2.5.5 G e n e r a l  r e m a r k s  on the o z o n isa t io n  p ro ced u re
In o r d e r  to m in im i s e  s id e  re  a c t io n s /c o n ta m in a n ts  during the  
o z o n isa t io n  of the m o n o en e  e s t e r s  the fo llo w in g  p r e c a u t io n s  w e r e  
adopted:
(a) T he so lu tion  of m e th y l  e s t e r  in  m eth y len e  c h lo r id e  w a s  m ad e  
a s  d ilu te  a s  p o s s i b l e .
(b) The t e m p e r a tu r e  of the e s t e r / m e t h y l e n e  c h lo r id e  so lu tion  w a s  
m a in ta in ed  at -7 0  to -7 5 ^  throughout the o z o n is a t io n  p r o c e d u r e .
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D ir e c t  bubbling of O^/O^ m ix tu r e  into p r e -c o o le d  e s t e r /m e t h y le n e  
c h lo r id e  ( -7 5 ° )  did not p ro d u ce  s id e  r e a c t io n s .  A dd it ion  of e s t e r  
a fter  ozon e  had b een  bubbled into m eth y len e  c h lo r id e  co o led  to 
-7 0 ^ ,  had no advantage o v e r  the fo r m e r  m eth od .
(c) E x c e s s  ozon e w a s  d r iven  off qu ick ly  fro m  the ozdnide m ix tu r e  
w ith a gentle  s t r e a m  of n itro g en  b e fo re  red u ct io n  with T P P .
(d) R educ t ion  with T P P  w a s  c a r r ie d  out in d ilu te  so lu tion  
(m eth y len e  ch lo r id e )  of o zo n id es  at low  tem p e r a tu r e  p r e fe r a b ly  
at - 7 0 ° .
(e) D uring  co n cen tra t io n  o f  the red uc t ion  p ro d u cts  c a r e  w as  taken  
not to v o la t i l i s e  the s h o r t -c h a in  a ld e h y d e s .  G lc a n a ly s i s  of the  
reduc tion  p rod u cts  w a s  p er fo r m e d  soon  a fter  c o n cen tra t io n .  T h is  
i s  e s p e c ia l ly  im p ortan t i f  quantitative  a n a ly s is  i s  r e q u ir e d .
(f) 20 m g  of T P P  w a s  found adequate for  c o m p le te  red u ction  of 
1 m g  e s t e r  s a m p le s .  D ir e c t  addition  of  T P P  c r y s t a l s  into the  
rea c t io n  v e s s e l  w a s  a s  e f f e c t iv e  as  addition a s  a so lu tion  of 
m eth y len e  c h lo r id e .
D e s p i te  i t s  a c c u r a c y  in the lo c a tio n  of double bonds and the  
o b viou s  ad van tages  o v e r  the p o ta s s iu m  p e r m a n g a n a te -p e r io d a te  
tech n iq u e ,  the techn ique had the fo llow ing  d isa d v a n ta g e s .
(a) A lthough tr iphenylpho sph ine ox id e  e lu te s  la te  a fter  the  
a ld eh y d e s  and a ld e h y d o - e s t e r s ,  i t  h as a d e te r io r a t in g  e f fe c t  on 
the c o lu m n  p e r fo r m a n c e .  In co m p le te  r e m o v a l  of the tr ip h e n y l­
pho sph ine ox ide  fr o m  the c o lu m n  re su lte d  in p o o r  sep a ra t io n .  
C on seq u en tly  the num ber o f  runs each  day w a s  r e s t r ic t e d  and 
the co lum n  w a s  purged  o v e r n ig h t .  In jec tion  of HMDS w a s  found  
he lp fu l in  d ea ct iv a t in g  the c o lu m n . With e x c e s s  T P P  (> 20 m g /1  m g
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sa m p le ) ,  both the o x id ise d  and u n rea cted  T P P  ap p ear  on the 
g lc  t r a c e ,  w ith 'th e  la t t e r  e lu ting  b efo re  the f o r m e r .  Both, 
h o w e v er ,  e lu te  a long  w ay  a fter  the red u c t ion  p r o d u c ts .
(b) S h o r t -c h a in  fr a g m e n ts  such a s  pentanal down to propanal  
did not ap pear  on the g lc  u nder  the tem p e r a tu r e  p r o g r a m m e s  
u sed  and the c o lu m n  (5% ApL) could  not be s a t i s fa c to r i ly  op erated  
b elow  8 0 ° ,
(c) S o m e  red u c t io n  p ro d u cts  w h ich over lap ped  on the ApL c o lu m n  
w e r e  sep a ra ted  on S P 2 3 4 0 .
On the other  hand the techn iqu e  showed no s id e  r e a c t io n s ,  the  
o z o n o ly s is  p ro d u cts  w e r e  m a in ly  a ldehyd ic  in  s tr u c tu r e ,  the 
p r o c e d u r e  i s  quick and d o e s  not re q u ir e  t r a n s fe r  of sa m p le  and 
the p rod u cts  a r e  r e a d i ly  a n a ly sed  by standard g lc  tech n iq u e .
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2 . 6  DIENE F A T T Y  ACIDS
2 , 6 . 1  Introduc t ion
The s tru c tu ra l  id en t if ica t io n  of a p o ly en e  acid  i s  s o m e t im e s
m o r e  d iff icu lt  than that of a m o n o en e  acid  and the id en tif ica t io n  of
i s o m e r ic  m ix tu r e s  of p o lyen e  a c id s  i s  even m o r e  d if f ic u lt .
H o w ev er ,  s e v e r a l  tech n iq u e s  have b een  u sed  w ith p a r t ia l
18Ts u c c e s s  to s o lv e  th is  p r o b le m . S ch o lf ie ld  u sed  c a p i l la r y
glc  for  the id en tif ica t io n  and d e term in a t io n  of d ien o ic  i s o m e r s .
In th is  reg a rd  a fa ir  k n ow led ge  of the sa m p le  under in v e s t ig a t io n  
and a v a ila b i l i ty  of su itab le  stand ard s a r e  p r e - r e q u i s i t e s  for  
c o r r e c t  id en t if ica t io n .
The m o s t  co m m o n ly  u sed  c h e m ic a l  p r o c e d u r e  i s  o z o n o ly s i s .
188' 183Ste in  and J iico la id e s  and K le im a n  et al adopted o z o n o ly s is
fo llow ed  by red uction  with tr iphenylpho sph ine thus: 
CH^-(CI^)^-CH=CH-(CH^)^-CH=CH-(CI^)^COOCH^
0—0 - 0—0/  \  /  \G H ^-(CH ^)^-C H ^ ^G H-(CH ^)^-GOOCH^
T P P .G I^ C l^
GI^(CH^)^CHO + O H C -(C I^ )^ -C H O  + OHG-(GI^) -GOOGH^ 
(aldehyde) (d ialdehyde) (a ld eh y  d o -e s t e r )
T h is  i s  sub jec t  to the fo llow ing  d i f f ic u l t ie s .  (i) T h e  d ia ldehyde
1 89fr a g m e n ts  a r e  not r e a d i ly  id en tif ied  by g lc .  P a p p a s  ^  ^  
su g g este d  that the d iald ehyde  f r a g m e n ts  are  subject  to p o ly m e r is a t io n
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and m ay  for th is  and other r e a s o n s  g ive  red uced  y ie ld s ,  (ii) Though
m o r e  stable  than the aldeh yd e  or d ia ldehyde f r a g m e n ts ,  the
aid eh y d o - e s t e r s  a r e  s o m e t im e s  d iff icu lt  to id en tify  b e c a u s e  of the
p r o b le m  of s e c u r in g  authentic s ta n d a rd s .  (iii) Q uantitative
p r o b le m s  a l s o  a r i s e  w ith th is  m ethod due to d i f f é r e n c e s  in  v o la t i l i ty
(a ld eh yd es ) ,  co lu m n  l o s s  and d if fere n t ia l  d e te c to r  s e n s i t iv i ty  of
190 191the s e v e r a l  breakdow n p ro d u cts  * .
M any m o d if ic a t io n s  of the o z o n o ly s is  p r o c e d u r e  have been
1 9 2adopted. Johnson  et ^  red u ced  the o z o n id es  w ith sod ium  
borohydr ide  g iv in g  a lc o h o ls ,  a lc o h o l  e s t e r  and d iol f r a g m e n ts .
Using a m ic r o o z o n is a t io n  apparatus and a su itab le  glc c o lu m n  th ey  
r e a d i ly  id en tif ied  the a lc o h o ls  and a lcoh o l e s t e r  fr a g m e n ts .
1 9 3S eb ed io  and A ck m an  c a r r i e d  out the o z o n o ly s i s  r e a c t io n  of  
m e th y l  l in o le a te  in  B F ^ -M eO H  so lu tion , e x tra c te d  the e s t e r  p rod u cts  
w ith m e th y l  cy c lo h e x a n e  and a n a ly se d  them  by is o th e r m a l  g lc  on an  
op en -tub u lar  w a l l - c o a te d  c o lu m n . T h ey  is o la te d  and id en tif ied  
m eth y l  h exan oate  and d im eth y l nonanedioate  but fa i le d  to id en tify  
d im eth y l m a lo n a te .  T hey  reported the d e c o m p o s it io n  of d im eth yl  
m alon ate  during o x id a t iv e  d e c o m p o s it io n  of the o zo n id e .  D im e th y l  
m alon ate  h a s  a l s o  been  shown to be s u sc e p t ib le  to d e c o m p o s it io n
■194 .durfng g lc  and has a r e l a t iv e ly  low  r e s p o n se  in  the FID d e te c to r  
F o r  n o n -m e th y le n e - in te r r u p te d  o c ta d eca d ie n o ic  a c id ,
1 9 5R atnayake and A ckm an  m od i f ied  the u s e  o f  B F ^ -M eO H , T h ey  
f i r s t  reduced  the c a r b o x y l  group of the acid  to an  a lc o h o l  and 
o zo n ised  the a lc o h o l in B F ^ -M eO H  thus sp l itt ing  the e th y len ic  bonds  
to tnethyl e s t e r s .  A s in the p r e v io u s  m eth o d s  a lr e a d y  d escr ib ed  ' 
the fr a g m e n t  w a s  not d e tec ted  in  th is  p r o c e d u r e .  N e u m e is t e r
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e t  d e s c r ib e d  another o z o n o ly s is  p r o c e d u r e  w h ich  fu r n is h e s
e s t e r s  d ir e c t ly . -  T h ey  c a r r ie d  out the o z o n o ly s is  in  a lc o h o l a s  
so lven t in the p r e s e n c e  of anhydrous h yd rogen  c h lo r id e .  E s t e r s
(d) a re  p rodu ced  v ia  a ld eh yd e s  (a) and a c e ta l s  (b) a n d /o r  v ia  















H ith er to ,  none of the m e th o d s  d is c u s s e d  so far  h as s a t is f ie d  
the c r i t e r ia  se t  by the o ff ic ia l  AOCS standard techn ique and a 
s a t is fa c to r y  m ethod fo r  the lo c a tio n  of double bonds of P U F A  i s  
s t i l l  sought. T h e r e  fo l lo w s  in th is  p r o je c t  an accou n t of the  
is o la t io n  of so m e  diene a c id s  fro m  cod l iv e r  o il  and of a ttem p ts  to 
id en tify  t h e s e .
2 / 6 . 2  I so la t io n
In th is  study d ien o ic  fa tty  ac id  e s t e r s  w e r e  i s o la te d  fro m  cod  
l iv e r  o i l  by a com b in ation  of lo w  tem p era tu re  c r y s t a l l i s a t io n ,  
p rep a r a t iv e  s i lv e r  ion  t ic  and p rep a ra t iv e  g lc .  T he m o th er  l iq u or  
'G' obtained by low  te m p e r a tu r e  c r y s ta l l i s a t io n  ( s e c t io n  2 .5 )  w a s  
u sed  a s  an en r ich ed  so u r c e  o f  d ien o ic  e s t e r s .  It w a s  m eth y la ted  
in the p su a l m a n n er  and m e th y l  e s t e r s  w e r e  app lied  to t ic  p la te s  
(0. 5 m m  th ic k n e s s ,  200 m g /p la t e  p rew a sh e d  in P E  10). T he  
p la te s  w e r e  then d eve loped  in p e tr o l-d ie th y l  e t h e r - a c e t ic  acid  
(80:20:1) and the p u r if ied  m e th y l  e s t e r s ,  ex tr a c te d  w ith 1 0 %
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m e th an o l in d ie th y l e th er ,  w e r e  reap p lied  to s i lv e r  ion  t ic  p la t e s  
( 0 .5  m m  th ic k n e s s ,  1 5 0 m g /p la te )  and d eve loped  in  PEIO sep a ra t in g  
the e s t e r s  into four d is t in c t  b an d s .  T h e s e  w e r e  m a in ly  saturated  
(band 1), m o n o en e  (band 2 ) ,  d ien e  (band 3) and p o ly e n e  e s t e r s  
(band 4).
T he com b in ed  bands 3 and 4 w e r e  reap p lied  on s i lv e r  ion  
p la te s  (0. 5 m m  th ic k n e s s ) ,  and d eve lop ed  f i r s t  in  P E 20 and then  
P E 4 0 .  T he d iene band m o v ed  fa r  ahead of o th er  p o ly e n e s .
Throughout th is  s i l v e r  ion  ch ro m a to g ra p h y  authentic  d ien e  (18:2  
w 6) w as  a ls o  app lied  to the p la te  to aid in the lo c a t io n  of the d ien e band, 
The c o m p o s it io n  of the d ien e  band a fter  the f i r s t  and second  s i lv e r  
ion  s ep a ra t io n s  i s  shown in T a b le  15. It con ta in ed  18:2 (c a  70%),
16:2 (ca  17%), and 20:2 (ca  11%) with t r a c e s  of 14:2 and 22:2 .
T ab le  15 . C om ponent a c id s  (%, wt) of the d ien e  bands (a) (XI A g^tlc)  
and (b) (X 2  Ag"^tlc) on SP234 0, 185°
A s s ig n m e n t band (a) band (b)
14:0 tr a c e tr a c e
14:1 0 .4 0 . 5
14:2 0 . 1 0 . 1
16:1 1 .4 1 .4
16:2 1 2 . 2 1 6 .6
16:3 2 . 2 -
1 7 :2 /1 8 :3 ? — 2 .7
18:2 6 1 .5 6 7 .0
18:3 5 . 5 -
18:4 2 .3 -
2 0 : 2 1 0 . 1 1 0 . 6
2 2 : 0 1 .7 -
22: 1 1 .4
2 2 : 2 0 . 9 1 . 2
24:0 0 . 1 -
24:1 0 . 2 . .
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P r e p a r a t iv e  glcMM .JL* MMl m "I# W» I — »
P r e p a r a t iv e 'g lc  w a s  u sed  to obtain the v a r io u s  d iene fatty
acid  e s t e r s  in p u re  f o r m .  T h is  w a s  c a r r ie d  out a s  p r e v io u s ly
d e s c r ib e d  on a 20% EGSS-Y c o lu m n  operated  at 2 0 0 ° .  T he
C and C d ie n e s  w e r e  i s o la te d  with a p ur ity  > 9 9 . 0 %.1 o
2,6.3 S tru ctu ra l id en tif ica t io n
S tru ctu ra l id en t if ica t io n  o f  the v a r io u s  d ien o ic  e s t e r s  w as  
undertaken  u s in g  h yd rogen ation  to co n f irm  chain length  and 
o z o n o ly s is  to lo c a te  double bond p o s i t io n s .  H ydrogenation  of the  
diene e s t e r s  w a s  c a r r ie d  out in  the p r e s e n c e  of 10% p a llad iu m  on 
c h a r c o a l .  The r e s u lt in g  sa turated  e s t e r s  w ere  a n a ly sed  on both 
2,5% ApL and 10% SP234 0 c o lu m n s  to e s ta b l is h  the ch a in  length  
of each  p rod u ct .  A uthentic  d ien o ic  e s t e r s  h ydrogenated  and 
a n a ly sed  on the sam e c o lu m n s  a s  the t e s t  s a m p le s  gave s im i la r  
r e s u l t s .
(a) O ^ n p l ^ i ^ p r o c e ^ i ^ e ^
The ind iv idu al d ien e  fa tty  ac id  e s t e r s  i s o la te d  fr o m  cod l iv e r  
o il  ( T  99% purity) w e r e  s e p a r a te ly  o zo n ised  in ethanol and the  
o zo n id es  reduced  by sodium  b o ro h y d r id e .  T he fr a g m e n ts ,  
a lc o h o l ,  a lco h o l e s t e r  and d io l w e r e  id en tif ied  by g a s  ch ro m a to g ra p h y  
in  c o m p a r is o n  with authentic  s a m p le s  of each  type of product.
B e c a u s e  a lc o h o l  e s t e r  s tand ard s  a r e  not r e a d i ly  a v a i la b le ,  the  
exp ec ted  a lc o h o l  and a lc o h o l  e s t e r  fr a g m e n ts  w e r e  p rep ared  fr o m  
authentic m o n o -  and d ien o ic  fatty  ac id  e s t e r s .
105
P r e p a r a t io n  of a lc o h o l and a lc o h o l  e s t e r  fr a g m e n ts
T he  authentic  m o n o en o ic  and d ien o ic  e s t e r s  ( 7  99% purity)  
l i s t e d  b e low  w ere ,  o z o n ise d  in ethanol and the  o z o n id e s  w e r e  
reduced  to a lc o h o ls ,  a lc o h o l e s t e r s  and d io l s .  T h e s e  p ro d u cts  
w e r e  a n a ly sed  by tem p e  r a tu r e -p r o g r a m m e d  glc (4 0 -2 4 0 °C ) on a 
1:14 m ix tu r e  of 10% O V -17  and 10% O V -2 2 5 .
U nsatu rated  e s t e r s
18:1 A13  
18:1 A l l  
18:1 A 9  
18:2 A9,  12 
18:3 A 6,  9, 12 
20:3 A 8 ,  11, 14
A lc o h o l
P r o d u c ts  




(2  m o le s )  
(2  m o le s )
M onob asic  e s t e r s  (C ^-C  ^^) w e r e  tem p e  r a tu r e -p r o g r a m m e d  
on the sa m e  co lu m n  and the eq u iva lent ch a in  le n g th s  of the v a r io u s  
a lc o h o ls  and a lc o h o l e s t e r s  w e r e  ca lcu la ted  ( F ig .  3).
-cohols ECL H yd roxy  e s t e r s ECL D io ls
HO(CK^)^OH
E C L
^ 5 5 .4
^ 6 6 .5 11 .4 n=3 8 . 2
7 . 5 ^ 8 1 3 .5 n=4 9 . 5
^ 8 8 . 2 s 1 4 .5 n=5 1 0 . 6





° 1 3 1 8 .4
T h e s e  v a lu e s  in d ica te  that th e r e  i s  a danger  of o v e r la p  b e tw een  the  




G raph of EC L (c f  m e th y l a lkanoates)  
a g a in s t  a lc o h o ls  and h ydroxy  e s t e r s
Colum n: 93% O V -2 2 5 /6 .7 %  O V -17  
T e m p e r a tu r e  p ro g ra m m ed : 4 0 -2 4 0 °C
ALCOHOL and HYDROXY ESTER S
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carb on  a to m s  and the d iol w ith n -5  carb on  a to m s .
(b) A n a ly t ica l r e s u l t s
T he id en tif ica t ion  of the v a r io u s  o z o n o ly s is  p rod u cts  (a lc o h o ls  
and hydroxy  e s t e r s )  w a s  b a sed  on the r e la t iv e  e lu tion  tem p era tu re  
( s e e  s e c t io n  2 . 5 ) ,  In th is  study an in tern a l standard w a s  not u s e d .  
In stead  m o n o b a s ic  fa tty  acid  e s t e r s  (C^-C ^^) w e r e  u sed  a s  exp la ined  
in  s e c t io n  2 . 5 , With th is  m ethod  c o n s is te n t  EC L w e r e  obtained  
prov id ed  id en t ic a l  t e m p e r a tu r e  p ro g r a m m e d  run w a s  c a r r ie d  out 
on a ll  s a m p le s  and s tan d ard s .
The height of ea ch  p eak  m u lt ip lied  by the w id th at h a lf  he ight  
w a s  u sed  to c a lc u la te  the m o le  p e r c e n ta g e  of the v a r io u s  fr a g m e n ts  . 
The a rea  p e r c e n ta g e s  of the v a r io u s  fr a g m e n ts  w e r e  co n v er te d  to 
m o le  p e r c e n ta g e s  by the p r o c e d u r e  u sed  in s e c t io n  2 . 5 .
T he  fo llo w in g  r e s u l t s  w e r e  obtained fr o m  the d ien o ic  a c id s  
i s o la te d  f r o m  cod  l i v e r  o i l .
H exad ecad ien oate
C . a lc o h o l  4
C -  a lc o h o lD
Cg hydroxy  e s t e r s  
double bond p o s i t io n s
64 m o le  % 
6 m o le  % 
30 m o le  % 
A 9 , 12
O ctad ecad ien oate
C - a lc o h o lD
C , a lc o h o l  o
Cg h yd roxy  e s t e r
double bond p o s it io n s  at
5 m o le  %
58 m o le  %
37 m o le  %
A 9 , 12 (m a inly)
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D o c o sa d ien o a te
C c a lc o h o l — 19  m o le  %D
a lcoh o l 81 m o le  %
I p r e s e n t  in  sm a ll  am ou n ts  - fo r  r e a s o n s  
hydroxy  e s t e r s  I 
12 ' that cou ld  not be exp la ined
double bond p o s i t io n s  m a jo r ,  A lO , 13
m in o r ,  A 12, 15 and 
p o s s ib l y  AlO, 15
T h e s e  r e s u l t s  for  the red u c t io n  prod u cts  of the d ien e  a c id s  w e r e  
not s a t is fa c to r y  in t e r m s  of m o le  % obtained for  both the a lc o h o ls  and 
the hydroxy  e s t e r  f r a g m e n ts .  T he m o le  % of the a lc o h o ls  should be  
equal to th o se  of the hydroxy  e s t e r s .  T h is  w a s  not the c a s e  in  the  
above r e s u l t s .  T h e  r e s u l t s  obtained  for  the d o c o sa d ien o a te  are  
unexpected  and no rea so n a b le  exp lanation  i s  p r e s e n t ly  o f fered .
2,6.4 A dvan tages  and d isa d v a n ta g e s  of the m ethod
(a) Ad_yan^^es
(i) U nder a lk a lin e  co n d it io n s  d eco m p o s it io n  of o z o n id e s  to a ld eh y d e s  
i s  favou red  and sod iu m  b oroh yd r id e  r e d u c e s  th em  to a lc o h o l  
fr a g m e n ts  in  good y ie ld s .  C on seq u en tly  quantitative e s t im a t io n
of the a lc o h o l  and hydroxy  e s t e r  fr a g m e n ts  are  obtained , b e c a u s e
46a ld eh yd es  and h y d r o p e r o x id e s  a s  form ed  by the C r ie g e e  m e c h a n is m  
a r e  c o m p le te ly  red u ced  to a lc o h o l by sod ium  b o ro h y d r id e ,
(ii) Sharp p eak s  with good b a s e  l in e s  are  obtained  fr o m  the p ro d u cts  
includ ing  the s h o r te r -c h a in  a lc o h o ls .
( i i i)  T he  red u c t ion  p r o c e d u r e  i s  fa s t ,  s e n s i t iv e  and rep ro d u c ib le  
and without in te r fe r in g  s u b s ta n c e s .  B e c a u s e  of t h is ,  co lu m n
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p o iso n in g  such a s  o c c u r  s .w h en  T P P  is  u sed  a s  a reducing  agen t  
d o es  not o ccu r .
(iv) FID r e s p o n se  to a lc o h o ls  and hydroxy e s t e r s  i s  good and the  
u se  of C fa c to r  to co n v e r t  to m o le  % m ay  not be n e c e s s a r y ,
(b) D is a d v a n ta g e s
(i) Q uantitative r e c o v e r y  of 1, 3 -d io l  i s  not ob ta ined .
(ii) Sh ort-cha in  a lcohols  a r e  p rone to loss due to th e ir  h igh v o la t i l i ty .
(ii i)  The g lc  c o lu m n  m u s t  be op era ted  from  40^ in ord er  to id en tify  
s h o r te r -c h a in  a lc o h o ls .  U nder  th is  con d it ion  m a n y  co lu m n s  would  
be u n su ita b le .
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2 .7  OTHER P O L Y E N E  ACIDS
2 . 7 . 1  Introduc tion
The o x y m e r c u r a t io n  rea c t io n  h as  b een  u sed  fo r  sep a ra t in g  
saturated  fr o m  un sa turated  fatty  a c id s .  A lk e n e s  r e a c t  w ith m e r c u r y  
s a lt s  in  the p r e s e n c e  of ap p rop ria te  n u c le o p h i le s  (so lv en ts )  to g iv e  a 
m e r c u r y  d e r iv a t iv e  w h ich can  then undergo th r e e  m a jo r  r e a c t io n s .
(i) S te r e o  s p e c if ic  r e v e r s a l  of thè add ition r e a c t io n  in  the p r e s e n c e  
of h a logen  acid  u s u a l ly  h y d r o c h lo r ic .
(ii) R e p la c e m e n t  of the m e r c u r y -c o n ta in in g  su bstitu en t by r e a c t io n  
with h a lo g en .
(iii)  R e p la c e m e n t  of the m e r c u r y -c o n ta in in g  su bstitu en t by h yd rogen  
through rea c t io n  with sod iu m  b oroh yd r id e .
It h a s  been  shown that a h yd roxy l group, p r e s e n t  in  an ap p rop ria te  
p o s it io n  with r e s p e c t  to the double bond, can  p a r t ic ip a te  in the
197o x y m e r c u r a t io n  in  an in tr a m o le c u la r  fash ion  to fu rn ish  c y c l i c  ethers  
C H .C H  CH=CHCH„CH_GH(OH)CH_CH=CH(GH ) CO„Me
^  Cè L t C  Ù  Ù i  Ù
Hg(OAc) ,D M E ;
NaBH 4^
GH3GH2 GH2 '  X )  GH^GH=CH(GH^)^GO^Me
In the above e x a m p le ,  m e th y l  d en s ip o la te  (1 2 0 H , 18:2 9c 15^)
u n d e rg o es  o x y m e r c u r a t io n -d e m e r c u r a t io n  in  d im e th y lfo r m a m id e
to fu rn ish  a 1 , 4 -e p o x id e .  In the ex te n s io n  of  th e ir  study G unstone  
T 98and In g lis  o b s e r v e d  that a l k e n - l - o l s  w ith A 3t, A4 or  A 5 
un satu rat ion  a lso  undergo in tr a m o le c u la r  o x y m e r c u r a t io n  to g ive
Ill
1 , 4 -  ( fro m  A 3t and A4 a l k e n - l - o l s )  or 1 ,5 - e p o x i d e s  (from  
As a l k e n - l - o l s ) .
In the p r e s e n t  study of p o ly e n e s  in  cod l iv e r  o i l ,  
o x y m e r c u r a t io n -d e m e r c u r a t io n  w a s  u sed  to id en t ify  p o le n e s  
hav ing A 3t, A4 or AS u n sa tu ra t io n .
2 , 7 . 2  I s o la t io n  of p o ly e n e s
M ixed  a lc o h o ls  (ca 450 m g) fr o m  cod l i v e r  o il  w e r e  
trea ted  with m e r c u r ic  a c e ta te  in d im e th y lfo r m a m id e  (4 days)  
fo llow ed  by dem e rcu ra t io n  w ith sod iu m  b o ro h y d r id e .  U n rea cted  
a lc o h o ls  and c y c l i c  e th e r s  (400 m g) w e r e  sep a ra ted  fr o m  each  
other by p r e p a r a t iv e  tic  (S ch em e VI).
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S c h e m e  VI . I so la t io n  of p o ly en e  a c id s  (hav ing A 3t, A4 or A5 
unsaturat ion) fr o m  cod  l i v e r  o i l  v ia  
o x y m e r c u r a t io n -d e m e  rcu ra tion
(CLO) MeOH, H
B l .  1
2
B l .  IH1
M e e s t e r  
LAH
a lc o h o ls
H g(O A c)„ ,D M F ;
NaBH.
U n r ea c ted  a lc o h o ls  + c y c l i c  e th e r s  (4 00 mg)
tic
' < 4#
B l  (20 mg) B2 (15 mg) B3 (5 mg) B4 (300 m g)
A g^tlc
“ IB 1 . 2
Pd/H ^ P d /H
r
Ag^tlc
B 2 . 1 1B 2 . 2
2
B l .  2H
P d /H .
B 2 .  IH
P d /H .
B 2 . 2 H
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Band 1 ( fa s t e s t  m ovin g  band) conta ined  a c y c l ic  e th er  of E C L  2 0 , 0  
(92%) and another of E C L  18. 8 (3 .4%) ,  Band 2 conta ined  a c y c l ic  
ether  of E C L  2 3 . 6  (98%), w h i le  band 3 contained  a m ix tu r e  of 
com p on en ts  w ith an e th er  of E C L  2 6 , 0  (58%) p red o m in a t in g .  Band  
4 (87% of the total) r em a in e d  c l o s e  to point of a p p lica t ion  and w a s  
u n rea cted  a lc o h o ls .  A n  a l iquot of band 4 w a s  a n a ly sed  a s  a lc o h o ls  
and t r im e th y ls i ly l  d e r iv a t iv e s  but fu r th er  c h a r a c te r is a t io n  w a s  not  
undertaken s in c e  th e s e  a lc o h o ls  do not p o s s e s s  un sa tu ration  at A 3t,  
A4 or A s  p o s i t io n s .  T he s m a l l  band 3 of u n cer ta in  m ix tu r e  w a s  
not exam in ed  fu r th er .
B ands 1 and 2 w e r e  each  fu rth er  sep ara ted  by p r e p a r a t iv e  s i lv e r  
ion  t ic  ( 0 . 2 5  m m  th i c k n e s s  in PE 55) into two bands and each  w as  
hydrogenated  with p a llad ium  c h a r c o a l  (10%) a s  c a t a ly s t .  T he  E C L  
and % c o m p o s it io n  of th e s e  a r e  g iv en  in T a b le s  16 and 17 ,
T ab le  16 . EC L and % c o m p o s it io n  of band B l  and the su b fra c t io n s  
obtained fr o m  it (SP234 0, 194°)
B l B l  Ag+ B l . 2 Ag+ B l .  1 Ag H B 1 . 2  Ag+H
EC L % EC L % E C L % EC L % EC L %
1 2 . 8 1 . 0 14 , 3 0 . 4 1 2 . 6 Tr 1 5 . 7 0 . 4 12 . 7 0 . 2
1 4 . 8 0 . 4 1 5 . 8 0 . 5 1 4 . 5 T r 1 6 . 8 2 . 3 1 4 . 2 0 . 5
1 6 . 8 0 . 6 16 . 2 2 . 2 1 8 . 0 2 . 3 1 7 . 6 8 . 3 1 5 . 0 1 . 9
17.  8 2 . 6 1 6 , 8 1 . 9 1 9 . 0 0 . 9 1 8 . 3 2 1 . 2 1 6 . 0 0 . 5
1 8 . 8 3 . 4 1 7 . 0 1 . 9 2 0 . 0 9 6 . 8 1 9 . 0 1 . 6 1 6 . 8 9 7 . 0
2 0 . 0 9 2 . 0 1 8 . 3 9 . 9 1 9 . 5 3 5 . 9
1 8 . 5 3 . 0 2 0 . 4 1 . 2
1 9 . 0 3 7 . 4 2 1 . 4 1 9 . 0
2 0 . 0 3 4 . 6 2 2 . 1 1 0 . 0
2 0 . 3 8 . 2
T w o authentic  e s t e r s  (18:1,  A4 and 20:4 , A 5 , 8 , 1 1 , 1 4 )  w e r e  
each  c a r r ie d  through the sa m e  p r o c e d u r e  of o x y m e r c u r a t io n -
I H
d e m e r c u r a t io n  a s  the t e s t  s a m p le .  The E C L  of th e s e  s ta n d a rd s ,  
a s  a lc o h o ls ,  TMS d e r iv a t iv e s ,  and c y c l ic  e th e r s  a r e  g iven  in
T ab le  17 . E C L  and % c o m p o s i t io n  of bands B , 2 and su b fra c t io n s  
obtained fr o m  it (S P 2340 , 194°)
B2 B 2 . 1 Ag"^ B 2 . 2  Ag+ B 2 . 1  Ag+H* B 2 . 2  Ag+H*
E C L % EC L % E C L  % EC L % E C L %
1 1 . 8 0 . 1 1 2 . 2 2 . 2 2 0 . 0  4 . 0 13.  8 0 . 7 1 6 . 8 9 . 6
1 3 . 2 0 . 3 1 2 . 6 2 . 6 2 3 . 6  9 6 . 0 16 . 4 2 . 7 1 8 . 2 1 0 . 0
15.  8 0 . 4 1 3 . 6 7 . 8 1 7 . 6 1 1 . 0 1 9 . 8 80 . 4
17 . 4 0 . 8 1 4 . 6 1 . 6 1 8 . 3 2 0 . 4
1 9 . 0 0 . 9 1 5 . 8 6 . 4 1 9 . 5 4 4 . 3
2 3 , 6 9 7 . 5 1 6 . 2 4 . 3 2 1 . 4 1 6 . 9
1 6 . 7 3 . 3 2 3 . 4 4 . 0
1 7 . 2 2 . 3
1 7 . 6 3 0 . 3
1 8 . 6 2 2 . 1
1 9 . 0 5 . 2
2 0 . 0 6 . 9
2 1 . 0 2 . 8
2 2 . 0 2 . 2
+* Ag H = h yd rogen ated  sa m p le
tab le  18. Included in  th is  tab le  a ls o  a r e  the r e s u l t s  of
G unstone and I n g lis  for  c o m p a r is o n .
T h e  iso la te d  c y c l i c  e th e r s  w e r e  f in a l ly  ex a m in ed  by m a s s  
s p e c tr o m e tr y .
2.7.3 R e s u l t s  and D is c u s s io n
T h e  m a jo r  p o ly en e  a c id s  p r e s e n t  in  cod  l i v e r  o i l  be long  to the  





































fatty  a c id s  u s u a l ly  p r e s e n t  w ith in the n -3  and n - 6  f a m i l i e s  a re  
shown b e lo w .
n - 6
18:2 -> l 8 : 3
(9 , 12) ( 6. 9, 12)







T H P  
1(20:0) j
•»22:5




TH F  
1(2 2 :0 ) j
n -3
18:3 ■> 18:4 ■> 20:4 -> 20:5 22:5 22:6
(9,12,15) (6,9,12,15) ( a  11,14,17) (5,^11,14,17) (7,10,13,16,19) (4,7,10,13,16,19)
I  1
N o te : T H P = te tra h y d ro p y ra n s  





[ 20 :0 ]
T H F
(22:5)
T H F[2 0 :0 ]
A s  h as  b een  pointed  out p r e v io u s ly  the o x y m e r c u r a t io n -d e m e r c u r a t io n  
r e a c t io n  g iv ing  r i s e  to c y c l i c  e th e r s  i s  sp ec if ic  to un saturated  
a lc o h o ls  w ith a A 3t,  A4 and A5 u n sa tu ra ted  c e n t r e .  F r o m  cod l i v e r  
o il ,  four m ain  com p onent a lc o h o ls  should u n dergo  the o x y m e r c u r a t io n -  
d e m e r c u r a t io n  p r o c e s s  fo r m in g  te tra h y d ro p y ra n  or  te tra h y d ro fu ra n
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e th e r s  a s  shown ab ove .
(a) T e tra h y d ro p y ra n s
T he m on oa lk y la ted  te tra h y d ro p y ra n s  are known to be l e s s  p o la r  
than the an a logou s  te tra h y d ro fu ra n s  and a r e  th e r e fo r e  l ik e ly  to be  
in  band 1, T h is  c o n ta in s  a dom inant com ponent (92%) of E C L  2 0 , 0  
w h ich c o n c e n tr a te s  in the second  band on s i lv e r  ion  c h ro m a to g ra p h y  
and h a s  an EC L of 1 6 . 8  a fter  c o m p le te  h y d rogen ation . B y c o m p a r is o n  
with data obta ined fr o m  ara ch id o n y l a lco h o l (T able 18) it  s e e m s  l ik e ly  
that th is  e th er  has b een  produ ced  fr o m  the 20:5 (5,8,11,14,17) a lc o h o l .
T he te tra h y d ro p y ra n  band a ls o  conta in ns so m e  m in o r  c o m p o n e n ts .  
T he  product of E C L  18, 8 (3,4%) c o n c e n tr a te s  in the f i r s t  band on  
s i lv e r  ion  ch ro m a to g ra p h y  (37.4%) and i s  th e r e fo r e  l e s s  unsatu rated  
than the m a jo r  20:5 com pound. U nfortunate ly  it  i s  not v e r y  c l e a r  
what h appens to th is  on h yd rogen ation . It could  be the p rod u ct  fr o m  
arach id on ic  a c id .
The m in o r  co m p on en t of EC L 1 7 , 8  (2,6%),  c h r o m a to g r a p h s  w ith  
the 20:5 p rodu ct on s i lv e r  ion  t ic  (2 , 3 %) and i s  h yd rogen ated  to a 
product of E C L  1 5 , 0  (1.9%).  T h is  glc and t ic  data su g g e s t  a C^^ 
pentaene with A 5 u n sa tu ra t io n .  The A 5,8,11,14,17 i s o m e r  i s  p o s s ib le  
but not p ro v en ,
(b) T ^ ^ ^ d r o f u r ^ ^
T etra h y d ro fu ra n s  a r e  co n cen tra ted  in the secon d  band fr o m  the  
s i l i c a  t i c , T h is  c o n s i s t s  a lm o s t  e n t ir e ly  (97,5%) of an e th er  (EC L  
2 3 , 6 )  w h ich c o n c e n tr a te s  in the secon d  band on s i lv e r  ion  
chrom a to graph y and h as  an E C L  of 19. 8 on h y d rogen ation . T h is  i s  
c o n s is te n t  w ith the p ro d u cts  r e s u lt in g  f r o m  22:6 (4,7,10,13,16,19). It 
w a s  not p o s s ib l e  to  id en tify  the m in o r  p ro d u cts  a ls o  p r e s e n t .
118
T he is o la t io n  and d e te c t io n  of th e s e  a c id s  f r o m  cod  l i v e r  o i l  
by oxym e r c u ra t io n -  d e m e  rcu ra t io n  p ro ced u re  w a s  purely a n a ly t ic a l ,  
and quantitative  a n a ly s e s  of t h e s e  a c id s  w a s  not undertaken .
H o w e v e r ,  the 20:4 e th er  w a s  the p red om in an tly  te trah yd rop yran  
w h i le  the 22:5 te trah yd rofu ran  e ther c o m p r is e d  a lm o s t  the w hole  of 
the te trah yd rofu ran  fr a c t io n .  T h is  r e s u l t  th e r e fo r e  c o n f ir m s  the  
p red o m in a n ce  of n -3  o v e r  n - 6  s e r i e s  of p o ly en e  a c id s  in cod  l i v e r  o il ,
2.7,4 M a s s  s p e c tr o m e tr y
The c y c l i c  e th e r s  is o la te d  fr o m  cod l i v e r  o i l  and the c y c l i c  
e th er  (20:3 TH P) d er iv e d  fr o m  arach id on y l a lc o h o l w e r e  su bjec ted  to  
m a s s  s p e c tr o m e tr y .  The m o le c u la r  io n s  of th e s e  c y c l ic  e th e r s  
could  r e l ia b ly  be id en tif ied  as  shown:
M o le c u la r  ion
(MH" )^
(hydrogenated)
. 296 ( 6%)
*296
324 (1%)
M o lecu a r  ion
(m "^ )
290 ( 6%) 
288 (1.3%) 
314 (2%)
C y c l ic




P o s s ib ly
d er iv ed
fr o m
20:4 n - 6  (authentic)  
20:5 n -3  
2 2 : 6  n - 6
* M o lecu la r  ion  not d isp la y ed
T he fra g m en ta t io n  p a tte r n s  d isp layed  by the c y c l i c  e th e r s  
i s o la te d  f r o m  cod l iv e r  o il  and that of the authentic c y c l ic  e th er  
(20:3 TH P) could  not be r e la te d  to  th e ir  s t r u c tu r e s .
2.7,5 S u m m a ry
T h e  g lc  and t ic  b eh av iou r  of th e s e  com p oun ds and the m a s s  
s p e c tr o s c o p ic  e v id e n c e  of the m o le c u la r  io n s  led  to the fo llow ing
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c o n c lu s io n s .
(a) T h e s e  com p ou n ds  a r e  l ik e ly  to be c y c l ic  e t h e r s .
(b) The 20:4 c y c l i c  e th er  i s  p robab ly  a te tra h y d ro p y ra n  w h i le  
the 22:5 c y c l i c  e th er  i s  prob ab ly  a te tra h y d ro fu ra n ,
(c) The p r e s e n c e  of a c y c l i c  e ther  (ECL 18,  8 , SP234 0) id en t ic a l  
w ith the authentic  20:3 c y c l ic  e th er  d e r iv e d  fr o m  arach id on ic  
acid  in d ic a te s  that th is  m a y  a ls o  be p r e s e n t  in  cod l i v e r  o i l .
T he c y c l i c  e th e r s  20:3 T H P , 20:4 T H P and 22:5 THF m u st  have  
b een  d er iv ed  fr o m  20:4 n - 6 , 20:5 n -3  and 22:6 n -3  a lc o h o ls  
r e s p e c t iv e ly .
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2 .8  CONCLUSION
A d e ta iled  exa m in a t io n  and s tru c tu ra l id e n t if ic a t io n  of the  
v a r io u s  fatty  a c id s ,  e s p e c ia l ly  the m in o r  co m p o n en ts ,  of the cod  
l iv e r  o i l  h as  h ith er to  not b een  undertaken . In th is  study, s e v e r a l  
a c id s  have b een  is o la te d  and s tr u c tu r a l ly  id en tif ied  by a com b in ation  
of te c h n iq u e s ,  includ ing  low  te m p e r a tu r e  c r y s t a l l i s a t io n ,  u rea  
fra c t io n a t io n ,  ch ro m a to g ra p h y ,  n m r ,  uv, and m a s s  s p e c t r o m e tr y .
The s tr a ig h t-c h a in  saturated  fatty  a c id s  in cod l iv e r  o il  accou nt  
for  about 16% of th e  to ta l  fa tty  a c id s  of w h ich p a lm it ic  acid  i s  the  
m a jo r  com p onent (10%). M y r is t ic  acid  (3,4%) and s te a r ic  acid  
(2.5%) co n st itu te  the secon d  and th ird l a r g e s t  c o m p o n en ts  r e s p e c t iv e ly .  
Other s tr a ig h t-c h a in  saturated  a c id s  (C^^, and C^^) and the odd-  
nu m b ered  s tr a ig h t-c h a in  a c id s  (C^^g, and ^) a r e  p r e s e n t  in  
t r a c e  a m o u n ts .  T he  s tru c tu re  of the m ajor  s tr a ig h t-c h a in  fatty  
a c id s  (C^^, and g) w a s  co n f irm e d  by m a s s  s p e c tr o m e tr y .
T he  p h y to l-b a se d  a c id s  ( iso p r e n o id s )  of cod l iv e r  o il  c o n st itu te  
about 0 .5  to 1% of the to ta l fatty  a c id s .  Of t h e s e ,  phytan ic  acid  (P^^) 
m a k e s  up about 70% w h i le  p r is ta n ic  ac id  (P^^) and 4 ,  8 , 1 2 - t r im e th y l - 
tr id ec a n o io  ac id  (P^^) a r e  p r e s e n t  in a lm o s t  equal a m o u n ts .  The  
P j 7 ( 5 , 9 ,  1 3 - t r im e th y lte tr a d e c a n o ic  acid) though te n ta t iv e ly  id en t if ied ,  
i s  p r e s e n t  on ly  in  tr a c e  am ount. T he  s tr u c tu r e s  of th e s e  phyto l-  
b ased  a c id s  w e r e  c o n f irm e d  by both m a s s  s p e c t r o m e tr y  and nm r  
s p e c tr o s c o p y  a s  fo llo w s:
Pj^^  m eth y l 4 ,  8 , 1 2 - tr im e th y l tr id e c a n o ic  acid  
Pj,^ m eth y l 5, 9, 1 3 - tr im e th y lte tr a d e c a n o ic  acid  
P^g m eth y l 2 , 6 , 1 0 , 1 4 -te tr a m e th y lp e n ta d e c a n o ic  ac id  
P^Q m e th y l 3 , 7 , 1 1 ,  1 5 - te tr a m e th y lh e x a d e c a n o ic  ac id
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T he furanoid  a c id s  in th is  o i l  o ccu r  at about 0 .1  to 1% of the  
to ta l fa tty  ac idsT  Of t h e s e ,  F 6 c o n s t i tu te s  o v er  50% w h i le  F4  and 
F 2 a r e  s ig n if ic a n t .  The v a r io u s  furanoid  a c id s  ( F 1 to F9) p r e v io u s ly  
rep orted  to o cc u r  in o th er  f is h  l ip id s  w e r e  id en t if ied  in  this p r o je c t .  
S tr u c tu r e s  F 1 - F 6  a re  proved  by m a s s  s p e c tr o m e tr y ,  w h i le  F 7 - F 9  
are  ten ta t iv e ly  id en tif ied  by the g lc .  T he E C L  of th e s e  a c id s  a r e  
s im i la r  to th o se  p u b l ished  in the l i t e r a tu r e .  W h ile  th is  r e s e a r c h  
w as in p r o g r e s s ,  the s tr u c tu r e s  of F 5  and F 6 w e r e  co n f ir m e d  by 
s y n th e s i s ,  th ereb y  c o n f ir m in g  the s tr u c tu r e s  of th e s e  a c id s .  In 
addition  to th e s e  a c id s  (F 1 -F 9 )  o ther h ith er to  unknown furanoid  
a c id s  fr o m  the cod l iv e r  o i l  w e r e  i so la te d  and c h a r a c te r is e d  by 
GC -M S, T h e s e  furanoid  e s t e r s  and th o se  a lr e a d y  id en tif ied  fr o m  
v a r io u s  s o u r c e s  a re  d e ta iled  in  se c t io n  2 , 3 ,  (p, 50 ).
T he m on oen e  a c id s  m ak e  up about 50-55% of the to ta l fatty  
a c id s  of w h ich the 18:1 c o n s t i tu te s  about 22%. A ls o  p r e s e n t  a r e  
20:1 (13.8%),  22:1(8 .6% ), 16:1 (1.5%),  and 14:1 (<  1%), Som e  
o d d -n u m b ered  m o n o en e  a c id s  p r e s e n t  in  t r a c e  am ou n ts  a r e  a ls o  
t e n ta t iv e ly  id en t if ied .
T he p r e s e n c e  of th r e e  n - 7 , th r e e  n -9  and two n - 11 m o n o e n e s  
a r e  o b s e r v e d  in  the cod l i v e r  o i l .  Of th e s e ,  the n - 9  m o n o en e  a c id s  
a re  p r e s e n t  in  l a r g e s t  am ou n ts  (28%), fo llow ed  by the n - 11 ( 8 , 5%) 
and the n - 7  (7%). T he  A 9 i s o m e r s  a re  the m a in  c o m p o n en ts  am ong  
the  ^ and m o n o n es  and the A l l  i s o m e r s  a r e  the m a in  
com p on en ts  am ong the G and C m o n o e n e s ,
A group of m o n o -  and d iun satu rated  b r a n c h e d -c h a in  fatty  a c id s  
have b een  is o la te d  and c h a r a c t e r is e d  by GG-MS, A GG-M S a n a ly s is  
of the p e r h y d r o -d e r iv a t iv e s  of th e s e  a c id s  r e v e a le d  the p r e s e n c e  of
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the fo llow ing  a c id s:  5 -m e th y lte t r a d e c a n o ic , 5, 7 -d im e th y ltr id e c a n o ic ,
7 -m e th y lh e x a d e c a n o ic ,  5, 7 ~ d im eth y lte tr a d e c a n o ic ,  7, 9 -d im e th y lh e x a -  
d e c a n o ic ,  7, 9- and 9, 11-d im e th y lo c ta d e c a n o ic  a c id s .  Of th e s e ,  only  
the 7, 9“d im e th y lh ex a d eca n o ic  ac id  w a s  fu lly  c h a r a c te r is e d  in i t s  
unhydrogenated fo r m  as  7, 9 -d im e th y lh e x a d e c a d ie n o a te  ( 6 . 8 ) . Such  
a conjugated  b r a n c h e d -ch a in  fatty  ac id  i s  n o v e l .  The p r e s e n c e  of  
the branched  m e th y l groups on a lte r n a te  odd carb on  a to m s  i s  
u n com m on, but it  i s  noted that 7 - m e t h y lh e x a d e c - 7 - e n o ic  acid  h a s  
a lr e a d y  b een  iso la te d  fro m  so m e  m a r in e  l ip id s .
T he d iene fatty  a c id s  in  cod  l iv e r  o i l  are  v e r y  s m a ll  in am ount  
( ^ 1 % ) ,  H o w ev er ,  in  the d ien e  band 18:2 i s  the m a jo r  com p on en t  
(70%) fo llow ed  by 16:2 (17%) and 20:2 (11%) . The and d iene  
a c id s  are  o b se r v e d  in  t r a c e  a m o u n ts .  T he  A 9, 12  is o m e r  i s  the m a in  
co m p o n en ts  am ong the and G^g d ie n e s ,  w h i le  in  the G^  ^ d iene  
acid  the AlO,  13 is o m e r  p r e d o m in a te s .
T h e  id en tif ica t io n  and c h a r a c te r is a t io n  of the m o r e  h igh ly  
un saturated  a c id s  r e v e a le d  the p r e s e n c e  of 20:4 n - 6 , 20:5 n -3  and 
the 22:6 n - 3 .  T he is o la t io n  and d e tec t io n  of th e s e  a c id s  w as  p u re ly  
a n a ly t ic a l .  A m ong t h e s e  p o ly en e  a c id s ,  the n -3  s e r i e s  p red o m in a te  
o v e r  the n - 6  s e r i e s ,  a r e s u l t  w h ich  i s  c o n s is te n t  with p u bl ished  data.
E X P E R IM E N T A L
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3. 1 G EN ER A L PHYSICAL AND CHEMICAL PR O C ED UR ES
(i) P u r if ica t io n  of so lv en ts
A ll  s o lv e n ts  w e r e  of reagent  grade and r e d i s t i l le d  b e fo r e  u s e .  
D ie th y l e th er  w a s  dried  by standing o v er  c a lc iu m  c h lo r id e .  A fter  
décan tation  and d is t i l la t io n ,  it  w a s  stored  o ver  sod ium  w ir e .
P y r id in e  w a s  d r ied  by ref lu x in g  with p o ta ss iu m  h yd rox id e  p e l l e t s .  
D im e th y lfo r m a m id e  (DMF) w a s  dried  by the r e m o v a l  of w a ter  a s  
an a zeo tr o p e  ( b . p ,  78°) with b e n zen e .  The D M F w a s  su b seq u en tly  
d is t i l le d  ( b . p .  153°) and s to red  o v e r  m o le c u la r  s ie v e  (type 4 j§ ) .
M a le ic  anhydr ide w a s  heated  with b en zen e  (2 g /  10 m l) on the m a n tle  
to about 80- 85° in  the fum e cupboard and qu ick ly  f i l t e r e d  w h i le  hot.
The f i l t r a te  w a s  evap ora ted  in vacuo and the product c r y s t a l l i s e d  on 
standing at ro o m  te m p e r a tu r e .  T h is  was c a r e fu l ly  dried  and 
stored  in  an a ir - t ig h t  c o n ta in er ,
(ii) S p e c tr o sc o p y
Uv sp e c tr a  w e r e  rec o rd ed  on a U n icam  SP 800B  sp e c tr o p h o to m e te r .  
S a m p le s  w e r e  run in  cy c lo h e x a n e  so lution  u s in g  s i l i c a  quartz c e l l s  of  
1 c m  path length .
M a s s  sp e c tr a  w e r e  r e c o rd ed  with d ir e c t -p r o b e  in s e r t io n  of 
s a m p le s  into the so u r c e  of an A E l MS902 m a s s  s p e c t r o m e t e r .  T h e  
sou rce  p r e s s u r e  w a s  2 x  10  ^ t o r r ,  so u r c e  te m p e r a tu r e  about 2 0 0 °C ,  
and the io n isa t io n  v o lta g e s  70 eV ,
PM R  sp e c tr a  w e r e  r e c o rd ed  at 360 MHz on a B ru k er  s p e c tr o m e te r  
(U n iv e r s ity  of Edinburgh) u s in g  10-15% so lu t io n s  in carb on  te tr a c h lo r id e  
w ith 3% te tr  am  ethyl s i la n e  a s  the in tern a l standard . C h e m ic a l  sh ift  
v a lu es  a r e  g iv e n  in  ppm dow nfield  fr o m  te tr a m e th y ls i la n e  (C^= 0 ),
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13N atura l abundance C nmr sp ec tru m  w as  obtained  with a WH360  
B r u k e r  s p e c tr o m e te r  (U n iv e r s i ty  of Edinburgh). The s a m p le  w a s  
run in d eu tero ch lo  r e fo r m  so lu tion  2 ml) with te tr a m e th y l  si lane  
(3%, v /v )  added a s  an in te r n a l  standard . The s p e c t r o m e t e r ’s co m p u ter  
printed  out p eak  h e ig h ts  and c h e m ic a l  sh i f ts  (ppm dow nfie ld  f r o m  
t e t r a m e t h y ls i la n e ) .
(ill) C h rom atograp h ic  T e ch n iq u e s  '
a) T h in L a y e r  C h r o m a to g r aphy (tic)
A n a ly t ica l  tic  w a s  c a r r ie d  out on g la s s  p la te s  (20 c m  x  5 cm )  
coated  w ith a la y e r  of s i l i c a  g e l  G (0 .2 5  m m  or  0. 5 m m  w et th ick n ess )  
o r  with s i l i c a  g e l  G con ta in ing  10% s i lv e r  n itra te  (A g t i c ) .  F o r  
m o n ito r in g  c o lu m n  chrom atograph y, m i c r o s c o p e  s l id e s ,  coa ted  by 
dipping in a s lu r r y  of s i l i c a  g e l  G in  c h lo r o fo r m  ( 0 .2 5  g /m l )  and 
dr ied  in a ir ,  w e r e  u s e d .  P r e p a r a t iv e  tic  w a s  c a r r ie d  out on g la s s  
p la te s  (20 c m  x  20 cm ) coa ted  w ith s i l i c a  ge l  G (0. 5 m m  or  1 m m  
th ic k n e s s ) .  A fter  th e ir  p rep a r a t io n ,  the t ic  p la te s  w e r e  dried  at 
room  tem p e r a tu r e  fo r  15 m in u te s ,  a c t iva ted  at 1 1 0 -1 2 0 °  for  2 hr  
and s to red  in a dry ing  cab in et  conta in ing  s i l i c a .  P r e p a r a t iv e  s i lv e r  
nitra te  t ic  p la te s  (0. 5 m m  and 1 .0  m m  t h i c k n e s s ,  10% and 20% 
s i lv e r  n itrate)  w e r e  p r e p a r e d ,  a c t iva ted  at 1 1 0 - 1 2 0 °  fo r  1 h r and 
s tored  in the dry ing  ca b in e t  aw ay fr o m  lig h t .  W h ere  n e c e s s a r y  
p re p a r a t iv e  tic  p la te s  (tic s i l i c a  + Ag**"tlc) w e r e  p r e -c l e a n e d  w ith  
d is t i l l e d  e th e r .
M ix tu r e s  of p e tr o le u m  e th er  (b .p .  4 0 -6 0 ° )  and d ie th y l e th er  
w e r e  u sed  a s  d evelop ing  so lv e n ts  for  t ic  ex ce p t  w h e re  o th e r w is e  
in d ica te d .  A b b r e v ia t io n s  such a s  P E  10 in d ica te  m ix tu r e s  of  
p e tr o le u m  and d ieth yl e th er  in a vo lu m e ratio  of 90 :10 .
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C om p on en ts  sep a ra ted  on a n a ly t ic a l  p la te s  w e r e  m ad e  v i s ib le  
by spraying  with an e thanol ic  so lu tion  of p h osp h om olyb d ic  acid  
( 1 0 %, v /v ) ,  fo llow ed  by heatin g  at  1 1 0 - 1 2 0 °  for  10 m in u te s .  
P r e p a r a t iv e  t ic  p la te s  w e r e  sp rayed  with an e thanol ic  so lu tion  of 
2 ’ , 7 ‘- d ic h lo r o f lu o r e s c e in  (0 . 2 %, v /v )  and v ie w ed  under uv l ig h t .
T he r e s o lv e d  bands w e r e  scra p ed  off the p la te ,  and ex tra c te d  w ith  
d ie th y l e th er  or w ith c h lo r o fo r m -m e th a n o l  (2 : 1 , v /v )  for p o ly en e  
e s t e r s .  T he so lven t w a s  r e m o v e d  under reduced  p r e s s u r e ,  and 
t r a c e s  of w a ter  rem o v ed  by a z e o tr o p ic  d is t i l la t io n  with b e n z e n e .
The re s id u a l  m a te r ia l  w a s  f in a l ly  dried  under n itro g en .
b) G a s -L iq u id  C hr om  a to g r a ph y ( g Ic )
Glc w as  c a r r ie d  out on a P y e  s e r i e s  104 ch ro m a to g ra p h  
equipped with a f la m e  io n isa t io n  d e te c to r .  G la s s  co lu m n s  ( 1 .5  m  
long , 6 m m  ex ter n a l d ia m eter )  con ta in ing  5% A pL , 10% SP234 0,
20% DEGS, 3% O V210, 10% OV225 and OV17 (14:1 , rat io  w /w ) or  
20% EGSS-Y coa ted  on C h r o m o so r b  W AW (1 0 0 -1 2 0  m e sh )  su p p orts  
w e r e  u s e d .  I so th e r m a l  a n a ly s i s  w a s  c a r r ie d  out at v a r io u s  
te m p e r a tu r e s  b etw een  174° to 220°C and te m p e r a tu r e  p r o g r a m m e d  
a n a ly s is  in the range 4 0 - 2 2 0 ° C .  S a m p le s  w e r e  in jec te d  d ir e c t ly  
on to the co lum n  u s in g  a 5jt 1 or IQ/  ^ 1 SGE sy r in g e  w ith a 5 c m  or  
11 cm  n eed le  r e s p e c t iv e ly .  T h e  c a r r ie r  gas  (oxygen  fr e e  n itrogen)  
flow  rate  w a s  v a r ied  f r o m  10 to 22 p s i  (2 5 -7 5  m l / m in ) .
P ea k  a r e a s  w e r e  m e a s u r e d  by one or  m o r e  of the fo llo w in g  
m ethods: (a) peak height x  peak w idth at ha lf  h e ig h t ,  (b) peak  height  
X re ten t io n  t im e ,  and (c) Du Pont cu r v e  a n a ly s e r .  T he  c o m p o s it io n  
of m ix tu r e s  i s  rep orted  a s  w eigh t p e r c e n ta g e s  or  a s  m o le  
p e r c e n ta g e s  in ap p rop ria te  c a s e s .
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Saturated  s tra ig h t-ch a in  m eth y l e s t e r s  w e r e  u sed  a s  e x te r n a l  
standards and E C L  v a lu e s  and p er c e n ta g e  a r e a s  w e r e  c a lcu la ted  
gra p h ica l ly  and / o r  by  c o m p u te r .  The EC L v a lu e s  rep o rted  h e r e  
a re  fa ir ly  c o n s is te n t  and ap p rop ria te  authentic s a m p le s  w e r e  
ch rom atograp h ed  p e r io d ic a l ly  to ch eck  the v a r ia t io n  of EC L v a lu e s ,  
due e ith er  to co lu m n  age in g  or  tem p e r a tu r e  f lu ctu a tion .
c) g l^
P r e p a r a t iv e  glc w a s  c a r r ie d  out on a P y e  s e r i e s  104 ch ro m a to g ra p h  
equipped w ith a f la m e  io n isa t io n  d e te c to r  and a c o l le c t in g  d e v ic e .
The g la s s  co lu m n  ( 1 .5  m  long x  5 m m  ex ter n a l  d ia m eter )  conta ined  
e ith er  3.5% ApL o r  20% E G SS-Y , coa ted  on c h r o m o s o r b  W, AW 
(1 0 0 -1 2 0  m e sh ) support. T he oven  tem p era tu re  w a s  2 0 0 °  and 
n itrogen  (22 p s i)  w a s  u sed  a s  c a r r ie r  gas  w h i le  h yd rogen  (15 psl)  
and a ir  ( 1 0  p s i)  w e r e  u sed  for  the f la m e  io n is a t io n  d e te c to r .
The outlet te m p e r a tu r e  ( independently  con tro lled )  w a s  v a r ied  
b etw een  195 and 2 1 0 °  a cco r d in g  to the nature of the su b stan ce  under  
in v e s t ig a t io n ,  and a sp lit  ratio  of 1 00:1  in  favour of  the c o l l e c t o r  w as  
u s e d .  S ep arated  co m p o n en ts  w e r e  c o l le c te d  in c h lo r o fo r m  (0-? 10°)  
u s in g  g la s s  tu b es  (90 m m  length) f itted  at the b ottom  end with  
s in tered  g la s s  c y l in d e r s  (12 m m  x  25 m m ) of c o a r s e  p o r o s i ty .  The
vo lu m e of c h lo r o fo r m  in each  c o l le c t in g  v ia l  w a s  adjusted  and 
m ain ta in ed  to g iv e  a sp lit  r a t io  o f  100 :1  in favou r  of the c o l le c t o r .
S a m p le s  (lQ/U/1 conta in ing  0 . 5 - 0 . 7  m g ^  1) w e r e  in je c te d .
F o u r  sep a ra te  in jec t io n s  w e r e  su ff ic ien t  to c o l l e c t  com p on en ts  
adequate fo r  fu r th er  a n a ly s e s .  D is t i l l e d  h exan e  w a s  in jected  
betw een  ea ch  peak  to im p r o v e  p u r ity .  C h lo r o fo r m  in each  v ia l  w a s  
evap ora ted  to d r y n e s s  by a gen tle  s tr e a m  of n itr o g e n .  E s t e r s  in
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e a ch  fr a c t io n  w e r e  w eigh ed  and ch eck ed  fo r  p u r ity  on a n a ly t ic a l  
c o lu m n s  (both A pL and SP 2340)
(iv) O ther sep a ra t io n  p r o c e d u r e s
a) U r e a  fra c t io n a t io n
F r e e  fatty a c id s  or m eth y l  e s t e r s  w e r e  c r y s t a l l i s e d  at 0°C 
overn igh t fr o m  a so lu t ion  of m eth an o l conta ining  u r e a .  A fter  
f i l tr a t io n  and w ash in g  with m e th an o l sa turated  with u r e a ,  the  
f i l t r a te  w a s  co n cen tra ted  by h eatin g  under red u ced  p r e s s u r e ,  d ilu ted  
with w a te r ,  a c id if ied  with 10% sulphur ic  acid  and brin e  added . T he  
acid  w a s  thorough ly  e x tra c te d  w ith d ie thyl e th er  (x 2 ) and the  
com bined  e th er  e x t r a c ts  w e r e  w ash ed  with w a ter  b e fo r e  f in a l r e m o v a l  
of so lv e n t .  The adduct r e le a s e d  it s  a c id s  or  e s t e r s  w hen m ix e d  
w ith w a ter  and th e s e  w e r e  ex tra c te d  with d ie th y l e th er  (x 2 ) a s  
d e s c r ib e d  fo r  the f i l t r a te .
b) Low  te m p e r a tu r e  c r y s t a l l i s a t io n
Cod l iv e r  a c id s  (100 g) w e r e  d is s o lv e d  in  a ce to n e  (1 1) and 
coo led  to -2 0 °C  in a D ew ar  conta in ing  a ce to n e  and c a r d ic e .  A fter  
5 h r  the so lu tion  w a s  f i l t e r e d  through a B uch ner  funnel co o le d  by 
so lid  c a r d ic e  to the c r y s t a l l i s in g  tem p era tu re  ( - 2 0 ° C ) . The  
p r e c ip ita te  w a s  c a r e fu l ly  p r e s s e d  with a g la s s  s top p er  and w ash ed  
w ith p r e -c o o le d  a ce to n e  ( - 2 0 ° C ) .  T he  a c id s  w e r e  su b seq u en tly  
r e c o v e r e d  fr o m  the p r e c ip i ta te  (ppt A , 6 .4  g). T h e  m o th er  
l iquor w a s  su bjec ted  to the sam e c r y s ta l l i s a t io n  p r o c e d u r e  at -4 0 °C  
fo r  5 hr  to obta in p r e c ip ita te  B (4 .3  g). The m o th er  l iquor  w as  
fu r th er  su bjected  to c r y s t a l l i s a t io n  at - 55°C to obta in p r e c ip ita te  
C (1 7 .7  g). T he m o th er  l iq u o r  w a s  f in a lly  su bjec ted  to  c r y s t a l l i s a t io n  
at -75°G  to obtain p r e c ip ita te  D ( 2 5 .6  g) and m o th er  l iq u or  D ( 2 8 .0  g).
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(v) G e n e ra l c h e m ic a l  p r o c e d u r e s
a) ^FFA)_
Cod l i v e r  o il  (105 g) w a s  re f luxed  fo r  1 hr w ith a so lu t ion  of 
p o ta ss iu m  h yd rox id e  (34 g in 4 0 m l  w ater  and 200 m l  ethanol).
A fter  co o l in g ,  the m ix tu r e  w a s  poured  into a sep a ra t in g  funnel  
conta in ing  c r u sh e d  ic e  (150 mi  ^fo llow ed  by su lphur ic  acid  (20% co n e ,  
210 m l) .  The fatty  a c id s  w e r e  ex tra c te d  with p e tr o le u m  e th er  ( b .p ,  
4 0 - 6 0 ° ,  2 X 150 m l)  and the p e tr o le u m  e x tr a c ts  w e r e  w ash ed  with  
d is t i l l e d  w a ter  (3 x  100 m l) and then f i l t e r e d  b e fo r e  r e m o v a l  of the  
s o lv en t .  The r e s id u e  w a s  dried  by a z e o tr o p ic  d is t i l la t io n  with  
b en zen e  (40 m l) fo l lo w ed  by a s tr e a m  of n itr o g e n  to obtain  the f r e e  
a c id s  ( 1 0 0  g).
A n aliquot of the sap onified  cod  l i v e r  o il  (F F A ) and unsap on if ied  
o il  a s  co n tro l  w e r e  each  ap p l ied  to the t ic  p la te  and d ev e lo p ed  in  
P E 20  for 5 m in s .  T h e  p la te  w a s  dried  and sp rayed  with 10% 
phosp hom olybd ic  acid  in ethanol and incubated at 110°  for  5 m in .  A 
s in g le  d is c r e t e  spot showed the lo c a t io n  of f r e e  fa tty  a c id s  and 
a b se n c e  of o th er  p r o d u c ts .
b) P  ^small^
A c id s  (50 mg) w e r e  re f luxed  with a c id ic  m e th a n o l (2 m l) ,  
con ta inin g  2% co n cen tra ted  su lphur ic  acid) fo r  30 m in .  A fte r  co o l in g ,  
b rin e  (5 ml) and then p e tr o l  e ther  (b .p .  4 0 -6 0 ° )  w e r e  added and the  
m ix tu r e  sh aken. T h e  p e tr o l  la y e r  w as  c a r e fu l ly  p ip etted  off and 
re ta in e d .  T h e  e x tra c t io n  w a s  rep ea ted  w ith m o r e  p e tr o l  (5 m l) .
The com b in ed  e x tr a c ts  w e r e  d r ie d  o v er  anhydrous sod iu m  su lphate  
and the so lu tion  f in a l ly  f i l t e r e d  o r  d ecan ted . About 3 ^ 1  am ount  
w a s in jected  d ir e c t ly  into the g lc  fo r  the to ta l  a n a ly s i s  of the e s t e r s .
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c) T r a n s e s t é r i f i c a t io n  (b a se -c a ta ly s e d )
L ipid  (1 g) w a s  d is s o lv e d  in b en zen e  (3 m l) and re f lu xed  with  
f r e s h ly  p rep a red  sod ium  m eth o x id e  in m eth an o l (0 , 5M, 6 m l) fo r  
2 h r  , The e s t e r s  w e r e  r e c o v e r e d  in the u su a l m a n n er  a s  d e s c r ib e d  
above for  the a c id - c a t a ly s e d  e s t é r i f ic a t io n .  T h is  p r o c e d u r e  w a s  
a l s o  c a r r ie d  out on a la r g e r  s c a l e ,
d) H ydrogenation
T he u n sa tu ra ted  e s t e r  (6 -1 0  m g) w a s  d is s o lv e d  in m eth a n o l (2 -3  
m l) in a rou n d -bottom ed  f la s k  (25 m l ,  vol) and p a lla d iu m  on c h a r c o a l  
(10%, 1 -2  m g) and a s m a l l  m a g n e t ic  paddle w e r e  added . T he  flaslq  
f itted  with a tw o -w a y  tap, w a s  a lte r n a t iv e ly  ev a cu a ted  and f lu sh ed  
w ith h yd rogen  s e v e r a l  t im e s  to  r e m o v e  a ir ,  and f in a l ly  opened  to  
the h yd rogen  a tm o s p h e r e .  T h e  r e a c t io n  m ix tu r e  w a s  v ig o r o u s ly  
s t ir r e d  fo r  1 hr (or  o vern igh t if  p r e fe r r e d )  at ro o m  te m p e r a tu r e .
The c a ta ly s t  w a s  rem o v e d  by f i l tra t io n  and the r e s id u e  w ash ed  w ith  
w a rm  so lv en t  (e th er  or p e tro l)  and the m a t e r ia l  r e c o v e r e d  by  
evap oration  under n itr o g e n .
e) T r im e tW ls i ly la t io n
A lc o h o ls  w e r e  c o n v er te d  into th e ir  t r im e t h y l s i ly l  e th e r s  (TMS  
e th er s )  to fa c i l i ta te  ex a m in a t io n  by the g l c , T o ca, 5 m g of m a t e r ia l  
in  p yr id in e  (1 m l) w a s  added h e x a m e th y ld is i la z a n e  (HMDS, 0 . 2  m l)  
and t r im e th y lc h lo r o s i la n e  (TM C S, 0 .1  m l) .  A fte r  5 m in t the  
p yrid in e  w as r e m o v e d  under vacu u m  and the TMS e th e r s  d i s s o lv e d  
in  d ie th y l e th e r .
N o t e : The cod l i v e r  o i l  u s e d  in th e se  s tu d ie s  w a s  supplied  by the  
M a r f le e t  R efin in g  C om pan y and th is  w a s  su pp lem en ted  by 
p u r c h a se  of cod l iv e r  o i l  con ta in ing  h ig h ly  P U F A  fr o m  a 
lo c a l  p h a r m a c is t .
130
3 .2  STRAIGH T-CH AIN SAT U R A T ED  ACIDS
(i) U r e a  fra c t io n a t io n
Cod l i v e r  o i l  f r e e  fa tty  a c id s  (50 g) w e r e  c r y s t a l l i s e d  at 0°C  
fr o m  m e th an o l (200 m l)  con ta in in g  u rea  (50 g ) . T h e  a c id s  in the  
adduct ( A l ,  28 g), tr e a te d  in the sa m e  w ay (u rea  1 1 2  g, m eth an o l  
450 m l) ,  gave  a second  adduct (A 2, 2 1 .5  g).
(ii) S i lv e r  ion c h ro m a to g ra p h y
T h is  secon d  adduct 2 w a s  sep ara ted  by s i lv e r  ion t ic  (100  
m g /p la t e ,  0 . 5  m m  th ic k n e ss )  u s in g  P E 5  a s  d ev e lo p in g  so lv e n t .  
The f i r s t  band (A 2 A g F l)  con ta in ed  sa turated  s tr a ig h t -c h a in  a c id s  
(C l2*^20^ and the second  (A 2A gF 2) w as  m a in ly  m o n o e n e s .
3 .3  ISOPRENOID ACIDS
(i) T r a n s e s t é r i f i c a t io n  - in  sod iu m  methoxide so lu tion
Cod l iv e r  o il  (14 00 g) d i s s o lv e d  in b en zen e  (1500 ml) w a s  re f lu x ed  
for  3 hr w ith m e th a n o l ic  sod iu m  m eth o x id e  so lu tion  ( 0 ,5  %, 2 1 , ) .  
A fter  addition  of a c e t i c  acid  (200 m l) and b r in e  ( 1 .5  1.) the e s t e r s  
w e r e  ex tra c te d  with d is t i l l e d  p e tr o le u m  ether  ( b .p .  4 0 - 6 0 ° ,  2 x 1  1 . )  
and the p e tr o l  e x tr a c ts  w e r e  w ash ed  f i r s t  w ith b r in e  (1  x  2 1 . )  and 
then w ith d is t i l l e d  w a ter  (2 x  1 .5  1 . ) ,  R e m o v a l  of so lv en t  
furn ish ed  cod l iv e r  m e th y l  e s t e r s  (14 50 g),
(ii) U rea  fra c t ion ation
Cod l i v e r  m e th y l  e s t e r s  (14 50 g) w e r e  c r y s ta l l i s e d  at 0 °  f r o m  
m ethanol ( 3 .6  1.) con ta in in g  u r e a  (2900 g ) . T h e  e s t e r s  (266 g) 
r e m a in in g  in  the l iq u o r ,  tr e a te d  in the sa m e  w ay  (u rea  1330 g,
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m e th an ol 1330 g) gave  a second l iqu or  w h ich conta in ed  111 g of 
e s t e r s  ( s e e  T ab le  2, s e c t io n  2 , 2 ) .
( i i i)  S i lv e r  ion  ch ro m a to g ra p h y
A c o lu m n  of s i l i c a  (52 x  9 . 5  cm ) conta in ing  10% s i lv e r  n itra te  
wrapped in a lu m in iu m  fo i l  to ex c lu d e  ligh t,  w a s  eq u i l ibrated  
w ith P E 5  p r io r  to addition  of the second  m o th er  l iquor (100 g). 
M a te r ia l  w a s  e luted  w ith P E 5 ( 1. 51., 3 .0  g), P E  10 ( 1 .5  1. , 10. 5 g) 
and e th er  ( 1 .5  1 .) .
(iv) T h in la y e r  ch ro m a to g ra p h y
P r e p a r a t iv e  a rg en ta t io n  t ic  w a s  u sed  to  sep a ra te  iso p r e n o id  
a c id s  fr o m  o th er  b r a n c h e d -c h a in  com p ou n d s.  F r a c t io n  1 (A g C C F l)  
a lr e a d y  conta ined  on ly  is o p r e n o id  a c id s .  F r a c t io n  2 (A gC C F 2,
200 m g  on each  7 s i lv e r  ion p la te s )  w as d eve lop ed  in P E 7 , 5, 
sprayed  with e th an ol ic  2 ' ,  7 ' - d ic h lo r o f lu o r e s c e in  rea g en t  and v iew ed  
under the uv l ig h t .  A uthentic  m e th y l  phytanate, 18:1 and 18:0 w e r e  
deve loped  a lo n g s id e  the sa m p le  to he lp  lo c a te  ap p rop r ia te  b ands.  
F iv e  sep a ra te  bands w e r e  obtained: ( 1) m a in ly  h y d r o c a r b o n s ,
(2) m a in ly  saturated  e s t e r s ,  (3) m a in ly  iso p r e n o id  e s t e r s  and a 
s m a ll  am ount of furanoid  e s t e r s ,  (4) m a in ly  furanoid  e s t e r s  w ith  
other  b r a n c h e d -c h a in  com p oun ds and (5) probab ly  b r a n c h e d -c h a in  
m o n o e n e s .
I so la t io n  and p u r if ic a t io n  of the iso p r e n o id  e s t e r s  w a s  f in a lly  
c a r r ie d  out on band 3 using  s i lv e r  ion  t ic  p la te s  (100 m g /p la te )  
of 0 , 5  m m  th ic k n e s s  d ev e lo p ed  in P E 5 .  T h r e e  d is t in c t  bands  
w e r e  o b s e r v e d .  Band 2 con ta in ed  is o p r e n o id  e s t e r s  on ly .
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(v) C olum n ch ro m a to g ra p h y  ( s i l ic a )
S o r b s i l  s i l i c a  g e l  (100 g) packed  into a g la s s  co lu m n  ( 1 .5  x  1 2 0 c m )  
w a s  eq u ilib ra ted  w ith d is t i l le d  p e tr o le u m  ( b .p .  4 0 - 6 0 ° ) .  AgCCFZ  
(2 ,  5 g) d is s o lv e d  in  p e tr o le u m  ether  w as  applied  to the co lu m n  and 
eluted  with 100 m l  p o r t io n s  of P E I ,  P E 2 ,  P E 5, PE IO , P E 2 0  and 
PESO, fo llow ed  by e th e r .  T he p r o g r e s s  of e lu t ion  w a s  m o n ito red  
by tic  ( s i l i c a )  u s in g  p h o sp h om olyb d ic  acid  as  the d e tec t in g  ag en t .  
M ethyl e s t e r s  w e r e  e lu ted  w ith P E 5  and PEIO a fter  non e s t e r  
im p u r it ie s  had b een  e luted  w ith P E I  and P E 2 .
3 ,4  FURANOID ACIDS
(i) T r a n s e s t é r i f i c a t io n  -  in  sod iu m  m eth o x id e  so lu tion  ( s e e  sec t io n  
3 .3  (1) ) .
( ii) U rea  fr a c t io n a t io n
Cod l i v e r  o i l  m e th y l  e s t e r s  (4 00  g) c r y s t a l l i s e d  at 0 °  f r o m  
m ethanol ( 1 . 8  1 . )  con ta ining  u r e a  (800 g) fu rn ish ed  a m o th er  l iq u or  
( 1 0 2  g) and an adduct 1 ( 2 2 0  g).
The u rea  c r y s t a l l i s a t io n  p r o c e d u r e  w a s  rep ea ted  on the m o th e r  
l iq u o r  in the ratio  of 1:5:5 (m eth y l e s ter :M eO H :u rea )  and le f t  at 0 °  
fo r  48 h r .  T h e  secon d  m o th er  l iqu or  (3 2 .0  g) w a s  r e c o v e r e d  
a s  a lr e a d y  d e s c r ib e d .  T h e  tw o adducts  r e l e a s e d  th e ir  m e th y l  
e s t e r s  (220 g and 70 g r e s p e c t iv e ly )  when m ix ed  w ith w a te r .
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( ii i)  A rg en ta t io n  ch ro m a to g ra p h y
a) jSUyer^ coWmjh jc im qpaa Wg
The ad sorb en t ( s i l i c a  g e l  con ta in ing  30% s i lv e r  n itra te )  w a s  
packed into a ch ro m a to g ra p h ic  co lu m n  in  the con ven tion a l w ay  and 
th is  w a s  w rapped in a lu m in ium  fo i l  to ex c lu d e  l ig h t .  T he co lum n  
w a s eq u ilib ra ted  with P E 5 and the sam p le  (30 g, 2nd m o th er  liquor)  
applied  and eluted  with s u c c e s s iv e  p o rt io n s  (100 m l)  of P E 5  (x 5), 
PEIO (x 3), h ex a n e:b en zen e  (1 :1 ) ,  P E 2 0  and P E 3 0 .  T he p r o g r e s s  
of e lution  w a s  fo llo w ed  by t ic  on m ic r o s c o p e  s l id e s  with p h osp h o­
m o lyb d ic  acid  a s  c h a r r in g  agent.  A lto g e th e r ,  11 fr a c t io n s  w e r e  
obta ined . A fte r  exam in ation  by th in la y e r  ch ro m a to g ra p h y  the  
f i r s t  eight of th e s e  w e r e  com b in ed  fo r  fu rth er  s tu d ie s .
F r a c t io n  w eight (g) % by wt of M L S o lv e n ts  u sed  (100 m l each)
F I 0 . 2 0 0 . 66 P E 5
F 2 0 .4 0 1 .3 3 P E 5
F3 0 .4 0 1 .3 3 P E 5
F4 0 . 2 0 0 . 66 P E 5
F 5 0 .0 3 0 . 1 0 P E 5
F 6 0 .0 4 0 . 13 PEIO
F7 0 .0 5 0 . 16 PEIO
F 8 0 .0 5 0 . 16 PEIO
F9 1 . 0 0 3. 33 H e x a n e :B en zen e  (1:1)
FIO 1 .3 0 4 . 33 P E 20
F l l 0 .7 5 2 .5 0 P E 3 0
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b) Slly^r_ijqr^t^c_
About 50 m g  s a m p le s  of com b in ed  fr a c t io n s  (C C F l)  w e r e  
+applied  to each  A g t ic  p la te  a s  a s trea k  and d r ied  under n itro g en .  
The p la te s  w e r e  d eve lop ed  in P E 7 .  5, dr ied  in  a gen tle  s t r e a m  of 
n itrogen  and sp ra y ed  w ith an e th anol ic  so lu tion  of 2 7 ' -d ic h lo r o -  
f lu o r e s c e in  ( 0 .2  %). T he sep ara ted  co m p o n en ts  (5 bands) w e r e  
v iew ed  under the uv l ig h t .  F u ran o id  e s t e r s  o c c u r r e d  in band 3 
(v ery  faint) b etw een  band 2 (phytanate) and band 4 (m o n o en e) .
(iv) C olum n ch ro m a to g ra p h y
S o r b s i l  s i l i c a  g e l  (50 g, 60 m esh )  w as  packed  into a co lu m n  
( 1 .5  X 65 cm ) and eq u ilib rated  w ith d is t i l le d  p e tro l  ( b .p ,  4 0 - 6 0 ° ) .  
F r a c t io n  A ’ ( 1 .2  g) w a s  d is s o lv e d  in p e tr o l ,  ap p lied  to the co lu m n ,  
and eluted  w ith 100 m l  p o r t io n s  of P E I ,  P E 2 ,  P E 5 ,  PEIO , P E 2 0 ,  
PESO and d ie th yl e th er  ( s e e  la te r ) .
% R e c o v e r yF r a c t io n s Am ount (mg) S o lv en ts  u sed
C F l 100 ■ P E I
C F2 60 P E  2
C F3 30 P E  5
CF4 50 PEIO
C F5 350 P E 2 0
C F 6 50 P E 2 0
CF7 50 P E 20
C F 8 300 D ie th y l e th er
A p u r ity  ch eck w a s  c a r r ie d  out on a l l  f r a c t io n s
8 2 .5
(Ag*  ^ and ord inary) a s  a lr e a d y  d e s c r ib e d .  T h e  m e th y l e s t e r s
con cen tra ted  in  C F 5 and C F 6 w e r e  co m b in ed .
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3 .5  OTHER B R A N C H ED -C H A IN  ACIDS
(1) I so la t io n  of U1 by s i lv e r  ion ch ro m a to g ra p h y
M e thyl e s t e r  (Ag"^CCF2, se e  sec t io n  2 . 2 ,  S c h e m e  I, 3 . 5  g) 
w as  app lied  to a 30% s i lv e r  n itra te  c o lu m n  c h ro m a to g ra p h y  (52 x
9 .5  cm ) and e luted  f i r s t  w ith P E 5  (100 m l) to g ive  F I  (< 1 m g ) .  
Subsequent e lu tion  w ith b e n z e n e /h e x a n e  (1:1 ra t io ,  v / . v , 100 m l)  
fu rn ish ed  F 2  (2 .4  8 g ) .  The c o lu m n  w a s  f in a l ly  e lu ted  w ith d ie th y l  
e th er  (100 m l)  to g iv e  F 3 (200 m g ) .  T he F 2  fr a c t io n ,  con ta in in g  
m a in ly  U l ,  o th er  b r a n c h e d -c h a in  e s t e r s  and furanoid  e s te r s  , w a s  
applied  to 2 0 % s i lv e r  ion  p la te  ( 1 . 0  m m  th ic k n e s s ) ,  2 0 0  m g /p la t e ,  
and d eve lop ed  in P E 5  to g iv e  four  bands: (1) m a in ly  i s o p r e n o id s ,
(2) furanoid  e s t e r s  and P ^^, (3) U l  (4 3% F 2 (14%) and other  
un saturated  b r a n c h e d -c h a in  e s t e r s ,  and (4) p o ly e n e s .
Band 3 w a s  rea p p lied  to 20% A g^tlc  p la te s  ( 0 . 5  m m  th ic k n e s s  
100  m g /p la te )  and d ev e lo p ed  f i r s t  in  b en zen e  and then in  
c h lo r o fo r m /m e th a n o l  (99 :1 ,  v /v )  in the sa m e  d ir e c t io n .  F iv e  
d if fe r e n t  bands w e r e  obtained: (1) U l  (50%), o th er  u n sa tu ra ted  
b ra n ch ed -ch a in  e s t e r s ,  and so m e furanoid  e s t e r ,  ( 2 ) b ra n ch ed -  
ch a in  e s t e r s ,  (3) m a in ly  furanoid  e s t e r  ( F 6  ^ > 85% ), (4) v e r y  
s m a l l  and (5) d is c a r d e d .
(ii) P r e p a r a t io n  of p y r r o l id id e s
A m ix tu r e  of m e th y l  e s t e r  (1 -2  m g),  f r e s h ly  d is t i l l e d  
p y r r o l id in e  (0 . 3 - 0 .4  m l)  and g la c ia l  a c e t ic  ac id  (0. 1 m l) w a s  h eated  
in a s e a le d  tube at 100°C fo r  4 0 - 5 0  m in  and then c o o le d  to ro o m  
t e m p e r a tu r e .  T h e  a m id e  so fo r m e d  w a s  taken  up in m e th y le n e  
c h lo r id e  (1 . 5 -2  m l)  and w ash ed  in  3M HCl ( 0 . 5  m l) and d is t i l l e d  
w a ter  ( 0 . 5  m l) .  T he w a sh in g  w a s  rep ea ted  and the sa m p le  dried
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o v er  anhydrous m a g n e s iu m  su lp hate . The a m id e  so  fo r m e d  w a s  
a n a ly sed  by s p e c tr o m e tr y .
( i i i )  M a le ic  anhydr ide  adduct fo rm a tio n  - D ie l s  A ld e r  rea c t io n  
w ith conjugated  d ie n e s
C onjugated d ien oate  (70 m g) w a s  re f lu x ed  fo r  3 hr w ith b en zen e  
(7 m l) and p u rif ied  m a le ic  anhydr ide (80 mg) and a llo w ed  to c o o l  
to ro o m  t e m p e r a tu r e .  Solvent w as  rem o v e d  in vacuo  and the  
product w a s  d is s o lv e d  in e th er  and w ash ed  with w a ter  (4 x  30 m l ) .
The e x tr a c t  w a s  d r ie d  o v e r  an hydrous sod ium  su lp h ate ,  evap ora ted  
in  vacuo and the product ( 7 1 . 2  m g) a n a ly sed  by the g l c .  T he  product  
w as applied  to a p r e -w a s h e d  t ic  p la te  (0 . 5 m m  th ic k n e s s )  and 
d eve loped  in P E 2 0  a long  w ith authentic  sa m p le s  of a m a le ic  anhydr id e  
adduct 18:2 m e th y l  e s t e r .  T h r e e  d if feren t  bands w e r e  ob ta in ed .
Band 1 ( 2 . 8  m g) o ccu p ied  the  sa m e  p o s it io n  a s  authentic  conjugated  
d ien e  adduct and then ex a m in ed  by m a s s  s p e c tr o m e tr y .
(iv) S téréo m u ta t io n  of e s t e r  m ix tu r e  con ta in in g  U l
T he  m e th y l  e s t e r s  (70 m g) w e r e  d is s o lv e d  in  p e tr o l  (2 m l)  and 
ir ra d ia ted  w ith a 150 W tu n g sten  lam p  for  about 4 h r  in  the  
p r e s e n c e  of a t r a c e  of io d in e .  T h e  p e tr o l  so lu tion  w a s  w ash ed  
w ith 0 . 1 M sod ium  th iosu lp h ate  and d r ie d .  C r y s ta l l is a t io n  in  
p e tr o l  at - 2 0 °  ov ern ig h t  fu rn ish ed  cru d e  d ie n e .  R ep ea ted  
r e c r y s ta l l i s a t io n  (x  2 ) f r o m  p e tr o l  at - 2 0 °  fu rn ish ed  the t r a n s ,  tr a n s  
m eth y l  e s t e r s .
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(v) P r e p a r a t io n  of po lyh yd roxy  d e r iv a t iv e  of U l  by tr e a tm e n t  w ith  
o s m iu m  te trox id e  (O sQ )^ .
U l  m e th y l e s t e r  (1 m g) w a s  d is s o lv e d  in p yr id in e  (1 m l)  and  
OsO^ (4 m g) w e r e  added d is s o lv e d  in  p yr id in e  ( 0 . 2  m l) .  A fter  
10  m in  at ro o m  te m p e r a tu r e  p y r id in e  w as r e m o v e d  by ev a p o ra t io n  
under reduced  p r e s s u r e .  The r e s id u e  w a s  d is s o lv e d  in m eth an o l  
(1 m l) and saturated  for 10 m in  with h yd rogen  su lp h id e .  A fter  
cen tr ifu g a t io n  at 15,000 g and décanta tion  of the supernatant the  
sed im en t  w a s  re  susp en ded  in m ethanol: w a ter  (1 m l ,  1 : 1 , v /v )  and 
the so lu tion  w a s  aga in  sa turated  w ith h yd rogen  su lph ide  fo r  10 m in .  
The com b in ed  su pern atan ts  w e r e  evap orated  under red u ced  p r e s s u r e  
and su b seq u en tly  dr ied  o v e r  p h osp h oru s  p en ta o x id e .
T he p o lyh yd roxy  U l  m e th y l e s t e r  w a s  c o n v er te d  to  O -TM S  
d e r iv a t iv e ,  the r e s id u e  d is s o lv e d  in  dry  m e th y le n e  c h lo r id e  and  
a n a ly sed  by m a s s  s p e c tr o m e tr y .
3 .6  MONOENOIC ACIDS
(i) I so la t io n
M onoene fatty  a c id s  w e r e  is o la te d  f r o m  cod l iv e r  o il  by low  
te m p e r a tu r e  c r y s t a l l i s a t io n ,  p r e p a r a t iv e  s i lv e r  ion  t ic  and 
p r e p a r a t iv e  glc ( s e c t io n  2 . 5 ,  S c h e m e  V).
(ii) O z o n o ly s is
P u r e  m eth y l e s t e r  (1 m g) w a s  d is s o lv e d  in d is t i l l e d  m e th y le n e  
ch lo r id e  ( 0 . 5  m l)  p r e - c o o le d  to -7 0 °C  and kep t in  a c e t o n e /c a r d ic e  
m ix tu r e  ( -7 0 ° )  in  a su itab le  th erm o s ta t ted  f la s k  fo r  15 m in .  
O x y g e n /o z o n e  m ix tu re  fro m  a BOC C ry o p ro d u cts  MKII O z o n ise r
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w a s  bubbled through at the rate  of 30 m l /m in u te  fo r  1 -3  m in u te s .
T he sa m p le  w a s  brought to ro o m  te m p e r a tu r e  and e x c e s s  ozo n e  
rem o v ed  w ith n itr o g e n .  T he  s id e s  of the co n ta in er  w e r e  w ash ed  
down with a few  d rop s  o f  m e th y le n e  c h lo r id e  at - 7 0 °  ( 0 . 5  m l) and 
tr iphenylpho sph ine (20 m g / m g  sam ple)  added. T he s id e s  o f  the  
tube w e r e  again  w ash ed  down w ith m e th y le n e  c h lo r id e  (0 . 5 m l)  at 
- 7 0 ° ,  and the tube w a s  th orou gh ly  shaken and k ep t  at - 7 0 °  fo r  5 to  
10 m in u te s .  T h e  r e a c t io n  m ix tu r e  w a s  brought to room  te m p e r a tu r e  
and e x c e s s  so lv e n t  gen tly  blown off w ith N^. T he p ro d u cts  w e r e  
d is s o lv e d  in  d is t i l l e d  hexane ( 0 . 5  m l)  and both the a ld eh y d e s  and 
a id e h y d o -e s t e r s  a n a ly sed  by the  g lc .
3 .7  DIENOIC ACIDS
(i) I so la t io n
M other l iquor  *C ’ obta ined by low  te m p e r a tu r e  c r y s ta l l is a t io n ,  
( s e e  s e c t io n  2 , 5 )  w a s  su bjec ted  to  p r e p a r a t iv e  s i lv e r  ion  t ic  and 
p r e p a r a t iv e  glc fo r  the is o la t io n  of d ien e  a c id s .
(ii) O z o n o ly s is
T h e  d ien e m e th y l  e s t e r  (1 m g) w as  d is s o lv e d  in  d is t i l l e d  ethanol  
( 0 . 5  m l) in a Q uickfit  tube and im m e r s e d  in a c a r d ic e - a c e t o n e  
m ix tu r e  at - 7 0 °  in  a th e r m o s ta t te d  f la s k .  A fter  about 1 0 - 1 5  m in ,  
w hen the m e th y l  e s t e r - e t h a n o l  m ix tu r e  would have atta ined  the  
req u ired  te m p e r a tu r e  ( - 7 0 ° ) ,  ozon e  (g en era ted  fr o m  a BOC 
C ry o p ro d u cts  MK II at a f lo w  ra te  of 5 0 -1 0 0  m l /m in )  and oxygen  
m ix tu r e  w as  bubbled into the d ien e  so lu tion  fo r  about 5 m in -  
T he ap p earan ce  of a d is t in c t  b lue c o lo u r  in d ica ted  the end poin t.
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T he tube w a s  qu ick ly  brought to room  te m p e r a tu r e  and the 
so lv en t  gen tly  ev'aporated w ith N^. F r e s h ly  d is t i l le d  ethanol  
(O, 2 m l)  w a s  added into the tube and the o z o n o ly s is  p rod u cts  w e r e  
q u an tita t ive ly  t r a n s fe r r e d  into a 2 m l  r e a c t io n  tube (cen tr ifu g e  
tube) and kept at 0 °  fo r  about 5 m in , D is t i l l e d  w a te r  ( 0 . 1  m l)  
w a s  added fo llo w ed  by b ro m o th y m o l blue in d ica to r  so lu tion  (0 . 1 m l)  
Sod ium  b oroh yd r id e  (50 m g / 0 .  1 m l)  w a s  added until the so lu tion  
turned fr o m  brow n to b lue , fo l lo w ed  by the addition  of c o m m e r c ia l  
buffer of pH 7 . 4  ( sa tu r a te d ,  0 . 0 5  m l) .  T h e  r e a c t io n  tube w as  
brought to 5 0 °  for  10 m in  a f te r  c e s s a t io n  of e f f e r v e s c e n c e .
About 3-5,/L l of the sa m p le  w a s  then in jec ted  into the g lc .
( iii)  Glc a n a ly s i s  of o z o n o ly s i s  p rod u cts
10% OV225 (c y a n o p ro p y lm eth y lp h en y ls i l ico n e)  and 10% OV17 
(p h en y lm eth y ls i l ico n e )  w e r e  s e p a r a te ly  p r ep a red  on C h r o m o so r b  
W -H P  (8 0 -1 0 0  m e sh )  in a c e to n e .  T he two p h a se s  w e r e  m ix e d  in 
the ratio  of 93. 3% of OV225 to 6. 7% of OV17 (14:1) and then packed  
in  a g la s s  co lu m n  (1. 5 m  x  4 m m , i . d . )  and recon d ition ed  
overn ight at 3 0 0 ° .  T he e f f ic ie n c y  of the co lu m n  w a s  1300  
th e o r e t ic a l  p l a t e s / f o o t .
A te m p e r a tu r e -p r o g r a m m e d  elution  of the a lc o h o ls  and a lc o h o l  
e s t e r s  w a s  c a r r ie d  out on th is  O V 17/O V 225  c o lu m n .  The c o lu m n  
w a s  op era ted  at 4 0 °  and r a is e d  to 24 0° at a ra te  of 4 ° / m i n .  T h e  
injection  port t e m p e r a tu r e  w a s  m ain ta in ed  at about 2 8 0 -3 0 0 °  w ith  
the aid of an e le c tr o n ic  th e r m o m e te r .  C a r r i e r  gas  (N^) and H^
* B r o m o th y m o l blue (0 . 1 g) w a s  d is s o lv e d  in  0 . 05M NaOH ( 3 . 2  m l)  
and d ilu ted  to 250 m l  w ith d is t i l l e d  w a te r .
140
w e r e  e a ch  se t  at 13 p s i ,  and a ir  at 15 p s i .  A fte r  s e v e r a l  ru n s ,  
the co lu m n  w as~ activa ted  by the in jec t io n  of HMDS ( l - 2yivl).
3 . 8  OTHER PO L Y E N E S
(i) L ith iu m  a lu m in iu m  h yd r id e  (LAH) red u c t ion
A c i d s / e s t e r s  w e r e  c o n v er te d  to lo n g -c h a in  a lc o h o ls  by r e a c t io n  
w ith e x c e s s  l i th iu m  a lu m in iu m  h yd r id e  (LAH) in d ry  e th e r .  T o  a 
s t ir r e d  su sp e n s io n  of LAH (200 m g) in dry e ther  (15 m l)  w a s  added  
d r o p w is e ,  a so lu tion  of m e th y l e s t e r / f a t t y  acid  ( 9 0 0  m g) in dry  
e th er  (15 m l ) .  A fter  s t ir r in g  fo r  30 m in  at ro o m  te m p e r a tu r e ,  
e x c e s s  hyd r id e  w a s  d e s tr o y e d  by the cau tiou s  addition  of w et  e th er  
(25 m l)  and then w a ter  (25 m l) .  D ilu te  su lphur ic  acid  (2M, 80 m l)  
w a s  added and the product w a s  ex tra c te d  in e th er  (2  x  60 m l )  and 
d ried  o ver  anhydrous sod iu m  su lphate . The r e c o v e r e d  p ro d u cts  
(m ixed  a lc o h o ls )  w e r e  p u r if ied  by t ic  ( 0 . 5  m m  th ic k n e s s  d ev e lo p ed  
in  P E 20) a lo n g s id e  authentic  a lc o h o ls .  T he  a lc o h o ls  (850 m g)  
w e r e  r e c o v e r e d  fr o m  th e  s i l i c a  g e l  G in the u s u a l  m a n n e r .
(ii) O xym ercu  r a t io n -d e m e r c u r a t io n
T he m ix e d  a lc o h o ls  (450 m g ) ,  m e r c u r ic  a c e ta te  (900 m g - 1 . 0  g) 
and D M F (10 m l) w e r e  thorough ly  m ix ed  and le f t  at room  te m p e r a tu r e  
for  four d a y s .  T he m ix tu r e  w a s  then co o led  to 0 °  during the  
d ro p w ise  addition  of e x c e s s  sod iu m  b oroh yd r id e  (300 m g) in w a ter  
(10 m l) .  A fter  s t ir r in g  the m ix tu r e  fo r  30 m in  at room  
t e m p e r a tu r e  , the so lu tion  w a s  sa turated  w ith sod iu m  c h lo r id e  
fo llow ed  by addition  of w a te r  (lOO m l) ,  and the p r o d u c ts  (400 m g)
141 /
ex tra c te d  with e th er  (2 x  50 m l ) .  C y c l ic  e th e r s  w e r e  sep a ra ted  
f r o m  u n rea c ted  "alcohols by p r e p a r a t iv e  t ic  ( 0 . 5  m m  t h i c k n e s s ,
100 m g /p la te )  d ev e lo p e d  in PEI O.  The c y c l i c  e th e r s  (the f a s t e s t  
bands 1 and 2 ) and the u n rea cted  a lc o h o ls  (n ear  point of app lication)  
w e r e  r e c o v e r e d  fr o m  the s i l i c a  in  the u su a l m a n n e r .  T he c y c l i c  
e th e r s  w e r e  sep a ra ted  by s i lv e r  ion t ic ,  bands e x tra c te d  with  
c h lo r o fo r m -m e th a n o l  (4 0 m l ,  2:1 , v /v )  and f i l t e r e d  through a s m a l l  
B uchner  funnel under redu ced  p r e s s u r e .  T h e  s i lv e r  i o n - s i l i c a  g e l s  
w e r e  fu r th er  ex tr a c te d  w ith c h lo r o fo r m  (2 x  20  m l ) .
T he com b in ed  r e s id u e s  w e r e  d is s o lv e d  in  e th e r  (30 m l ) ,  w a sh ed
\
w ith d is t i l l e d  w a ter  (20 m l) and dilute  aqueous a m m o n ia  ( 0 . 5 M,
15 m l) to r e m o v e  any s i lv e r  n itr a te  and 2*, 7 ’- d ic h lo r o f lu o r e s c e in .  
The ex tr a c t io n  of the c y c l i c  e th e r s  w a s  rep ea ted  and the e x t r a c ts  
d ried  under anhydrous sod iu m  sulphate and co n cen tra ted  on the  
rotary  e v a p o r a to r .  The v a r io u s  c y c l ic  e th e r s  (ca  40  m g) w e r e  
f in a l ly  dr ied  under n itro g en .
a p p e n d i x
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